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from Mr. Charles Marvin’s publications. I' am 
indebted to Mr. Ludwig Nobel, as well as to Mr. 
Cruscll, Mr. Ityden and many other oflicials of the 
Nobel .Company, particularly Dr. Lagerwall, tho 
courteous Secretary of tho Company, for replies to 
many questions, untl for affording me.special opportu¬ 
nities of making myself acquainted with the industry. 
I have also to tlmnlc Mr. JJurkhardt of Ratoiun, 
Mr. D. N. Sackcr, agent in London for Mr. S. Ji. 
Falaschkowsky and the liatoum Naphtha Industry 
and Commerce Company, and Mr. E. G. von Glclni, 
representative of the Kagosino Company, for much 
valuable information. 

I.—l’ltODUcrrox. 

Anyone whose experience of oil-producing territory 
has been gained in the United States, cannot fail to 
bo impressed, on first visiting the neighbourhood of 
Baku, with tun very limited extent of the area within 
which, practically the whole of the crude oil is being 
collected. Tho oil-field from which tho Raku refiners 
are supplied, is not in fact more than 3& miles square; 
and on this smnll tract of land there are flowing wells 
or fountains which apparently could supply the 
whole world with lamp oil and lubricating oil. it 
must not, however, bo assumed that the oil-bearing 
lands of Russia urc of small area. On the contrary, 
it has been estimated that petroleum deposits underlie 
no less than U,000 sqtiaro miles, and admitting that 
this estimate is not based upon very reliable data, 
there is, I believe, no reason to doubt that something 
like 1000 or 1200 square miles of the Apsheron 
peninsula may be fairly regarded as moro or less pro¬ 
ductive oil territory. No systematised attempts have 
yet been made to explore this large field, and strictly 
delino its limits, for the reason that more than .sufficient 
oil is obtained within the narrow limits I have referred 
to. The locality of the existing wells is termed the 
Balakhani or Balukliuni-Sabooiitchi district, and it is 
distant about eight miles from the town of Raku, at 
an elevation of something less than 200 feet above .sen 
level. A few miles away, at Sumklmni, is another 
group of wells on the site of the prehistoric Sacred 
Fires ; but these wells arc of minor importance. 
Petroleum has also been obtained in quantity at 
Kouban. about GO miles inland from Novorossisk, 
on the sliores of tho Black Sea ; and ovidonco of tho 
extension of tho oil-field in a north-westerly direction 
has been furnished by the result of trial borings in the 
Crimea. In tho neighbourhood of Tiflis, and in u largo 
numberof other places throughout the Apsheron peuin- 
sulu, there are also petroleum pits and natural out flows 
of petroleum, some of which have been locally utilised. 
While, as I have said, tho petroleum field appears to 
extend into the Crimea (though it is possible that 
there may be a succession of deposits rather than an 
actual belt), there is evidence of its continuous exten¬ 
sion from Baku across the Caspian Sea to tho Trans- 
Caspian territory. Near the Baku coast tho surface 
of the sea is frequently covered with oil, which 1ms 
floated to tho surface ; and in still weather the notro- 
laum gas may bo ignited. ’The island of Telielokcn, 
immediately opposito, and distant about 200 miles, 
contains apparently immense deposits of o/.okerit. I 
hoped to have been able to visit this interesting placo, 
imt tho Russian Government has, for political reasons, 
irohibitod .Englishmen from landing thoro; and in 
tussia tho rigid passport-registration system makes 
every movement of tho traveller known to the authori¬ 
ties. On the mainland, in tho Trans-Caspian territory, 
thoro is stated to bn abundance of petroleum ; but 
oxcopt to supply fuel for the railway tliissourco is not 
utilised. 

Tho oxistouco of tho petroleum deposits of Baku 


has probably been known for 2. r i00 years, for it is 
believed that the Persian lire-worshippers frequented 
•Surakhani from the time of Zoroaster, who lived not 
later than 000 B.C. Gibbon states that in A.D. 
021, the Emperor i lcraciius wintered at the mouth of 
the river Kura, 70 miles south of Baku, and that his, 
“soldiers extinguished tho fire and destroyed tho 
temples of the magi.” Marco Polo, who wrote in tho 
thirteenth century, is supposed to have referred to tho 
petroleum of Baku when he stated that there was in 
this neighbourhood ail abundant spring of oil not good 
for food, lnit good to burn, or to anoint camels that 
bad the mango; and ho added that people came from 
great distances to fetcli it. In Jonas Manway’s time 
(the middle of the eighteenth century), Indians were 
worshipping at the Surakhani temple, as many ns r>0 
pilgrims congregating there at one time. Manway 
described tho eternal fire as a flame in colour and 
gentleness not unlike a lamp that burns with spirit, 
only more pure, and sometimes rising to a height of 
eight feet, when tho wind blows. I have on the table 
a photograph of this temple ns I recently saw it. In 
the centre of a walled quadrangle stands a solidly 
built pillared and roofed rostrum of white stone, sur¬ 
mounted by a small trident. Around the boundary 
walls, with entrances from the quadrangle, are stone 
cells, which 'bear evidence of having been used ns 
dwellings. 'Within these cells, and in the courtyard, 
there are many fissures in the ground, and upon apply¬ 
ing a lighted match to some of tiie.se, I had no difficulty 
in igniting tho gas, which burned with a flame of so 
little luminosity that in the bright daylight it was 
difficult to trace its outline. In some places channels 
of stone had been constructed to convey the gas. At 
the timo of my visit there were neither officiating 
priests nor devotees, but a bell that had been used 
to summon the faithful, still remained suspended. 
Returning to the historical aspect of tho subject, os to 
which I havo only a very few more words to say, I 
may mention tliatTchclekcn island was referred to by 
Manway, under the name of Naphtoniaor Chcrriken, 
ns being peopled, when lie visited it in 17-13, by about 
30 families, who had 2-1 large boats, owned several wells 
of naphtha, and carried on-a brisk trade in selling 
the oil to Persians, Turcomans, etc. Colonel Yule 
states that the quantity of naphtha collected from tho 
springs about Baku was, in 1810, estimated at 2-11,000 
poods (more than one million gallons), the greater part 
of which went to Persia. Crude petroleum is still 
burned as a source of light in some parts of Russia, in 
earthenware lamps of primitive form, one of which I 
have on the table. 

Very little is known concerning the geology of tho 
Southern Russian oil-fields; and experience gained 
in petroleum-well boring in the United States, does 
not appear to bo of much value in tho. Apsheron 
peninsula. Instead of tho oil being found, as it is in 
America,in well-defined strata of sand-rock, it appears 
to exist m tho Caucasus for the most part m sonarato 
cells or pockets. Professor Abioli says the rocks can 
bo assigned to the mioccnc formation, of which thoro 
aro traces of two layers, abovo these being tertiary 
elays and sands; but tho wholo region has evidently 
been affected by-volcanic action, and tho strata havo 
boon broken up. Not far from Baku is an oxtinct 
mud volcano, from' the sides of which petroleum 
exudes. Tho limestone found in the neighbourhood, 
much of which is so soft that it is squared for building 
with axes, is full of shells of molluscs ; and this par¬ 
ticular stone and petroleum seem to go together in 
the Cauensus. I romember, wliou visiting the Bradford 
oil-field in tho United States, having a somewhat 
similar stono (a specimen of which is on tho tablo) 
pointed out to me as a surface indication of petroleum. 
I do not proposo to say much on tho present occasion i n 
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reference to the various theories put forward as to the 
origin of petroleum. It is well known that while some 
are disposed to consider petroleum as a product of the 
destructive distillation of coal, many more look upon 
it ns derived from the remains of marine animals. In 
addition, we have Professor MendclcjeU's ingenious 
theory that petroleum results from the action of 
water at a high temperature, and under great pressure, 
upon compounds of iron, manganese and carbon ; and 
I would refer those who are interested in the question 
to this distinguished chemist’s essay', entitled— 

“ L’Originc du Fctrolc,” published in the ltevnc 
ticientijiqnc, of November 3, 1877. 

The peninsula of Apsheron projects in an 
easterly direction from the mainland of Trans- 
Caucasia, and upon the southern shore of the 
bay thus formed lies the town of liaku. The 
northern side of this peninsula is tolerably' fertile; 
but the neighbourhood of Baku presents the appear¬ 
ance of a desert of sand and rock, hero and there 
stained black by the exudation of petroleum,and with 
occasional deposits of salt glittering in the sun. The 
only vegetation which thrives in this district is the 
prickly camel-thorn ; and it may be imagined that a 
more dreary prospect is nowhere presented to the eye. 
The oriental-looking Tartar villages, with solid llat- 
roqfed stono buildings, surmounted by the charac¬ 
teristic domed chimneys, form inconspicuous features 
in the landscape, hardly distinguishable at a distance 
from the surrounding desert ; and at intervals along 
the so-called roads water wells of primitive form are 
met with. Strings of camels, bearing skins of petro¬ 
leum to Daghestan villages; tall shccp-skin-hattcd 
Tartars riding on small donkeys, and gaudily-painted 
Persian “arbas.” or two-wheeled carts, to which I 
must again refer, add to the thoroughly Eastern 
character of the scene. 

The contrast between this silent desert and the 
bustle and confusion of the oil wells is most marked. 
Within the area of the present producing territory 
derricks arc crowded together, a network of pipes 
like so many gigantic serpents covers the oil-sodden 
ground, miniature mountains of sand thrown up by 
the spouting wells abound, and all the remaining 
space is occupied by- lakes of crude oil, ns well ns 
storage tanks for its reception before it is pumped to 
the refineries. 

I had seen wells in America that were considered 
• remarknblo in regard to the quantity of oil yielded, 
and had read accounts of the productiveness of the 
Russian wells, but I was, I must confess, wholly un¬ 
prepared for the evidence of nbumlnntsiipply afforded 
by the llowing wells, or fountains, ns they are locally 
termed, which have been struck in thcliulakhnui dis¬ 
trict. These wells are invariably capped to prevent 
waste and damage to neighbouring wells, ns I shall 
presently explain. One of the fountains was opened 
m my presence, and immediately with a roar a mighty 
column of oil more than a foot in diameter shot up 
to a height exceeding 100 feet, and continued to 
llow without diminution of violence ns long as the 
valve remained open, forming a hike of oil to leoward 
of the well. The derrick over the well was 70 feet in 
height, and the oil column occasionally rose to 
nt least double this height, while stones were dis¬ 
tinctly seen to bo projected to an even greater altitude. 
An American who was with mo said lie could com¬ 
pare thespectaclowith nothing but thefnlls of Niagara, 
and there was certainly tho snmo awe-inspiring 
ellect in watching nature disgorging her treasure 
that one experiences when standing on tho brink of 
tho stupendous Falls. Tho photograph exhibited 
(sto Kig. 1) represents a Caucasian ml fountain. The 
well I saw spouting (Nobel’s No. 18) yields at tho into 
of 1,120,000 gallons per 2-1 hours whenover opened, and 


is by no means the most productive that has been 
struck, the Droojbn well and Nobel’s No. 0 well 
having for a time yielded about double that quantity 
per 2-1 hours. In the case of these two wells the pres¬ 
sure of the oil amounted to about 2001b. on the 
square inch, and the oil column was from 200 to 300 
feet in height. In the instance of Nobel’s No. 0 well 
no great proportion of the oil was lost before the well 
was capped, but tho Droojbn fountain was for no less 
than four months quite uncontrollable, and it is esti¬ 
mated that from 08,000,000 to 130,000,000 gallons 
were ejected during this period. This quantity of 
American crude oil was worth in the United Stntcs 
at tho time from £700,000 to .£1,-100,000 sterling, but 
in consequence of tho impossibility of storing it, the 
oil spouted by the Droojbn well was practically un¬ 
saleable. Not only was the greutcr part of the oil 
lost, but great damage was done to surrounding well 
property, engine houses being buried by the sand 
thrown up. it may alford a means of realising the 
enormous productiveness of these wells, if l.state that 
the well known ns Armstrong No. 2 struck last 
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autumn in Butler county, Pennsylvania, flowed for a 
time nt the rate of 2(10,000 gallons per 2-1 hours, and 
is considered one of the most prolific wells ever known 
in tho oil regions of the United States. The yield of 
this well, it will be noted, is only about one-eighth of 
tlint of the Droojbn well or of Nobel’s No. t) well. 

The first step in tho operation of boring a well is 
the erection of a derrick. 1 have on the lecture table 
a model made for mo in the United States which 
illustrates the method of construction, derricks of tho 
same form being used in Russia. It will be seen t hat 
the structure consists of a timber framework, pyra¬ 
midal in form and strengthened with diagonal braces. 
Tho sides of tho derrick aro frequently, I may sny 
usually, enclosed with boarding to a considerable 
distance from the ground, to keep out wind nud rain. 
The height of tho structure is commonly about 70 
feet, and it is about 20 feet square nt tho base. Im¬ 
mediately outside tlio derrick stands what is termed 
in America the Sampson-post, a massive pillar of 
wood somo 18 inches square, which supports tho 
“ walking Lenin." The walking beam is connected to 
tho crank of tho band-wheel by wlmt is culled a pit¬ 
man, and a rocking movement is thus imparted to it 
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by tlic steam engine in the adjoining shed. There 
are two methods of boring in use in the Caucasus, 
termed respectively the rod system and the rope 
system, the latter being the more expeditious, and 
admitting of from 7 feet to 8 feet being bored per 
working day of 10 hours. In the rod system of boring 
tho bit is screwed into an iron rod which may be as 
much as 40 feet in length, and a vertical movement 
. is imparted to the apparatus by the walking beam 
already alluded to. As the hole increases in depth, 
additional lengths of iron rod are added, in the snme 
way that the chimney sweeper manipulates his 
machine. At frequent intervals, however, it becomes 
necessary to remove the detritus from the bore, and 
when the well has been sunk to a considerable depth 
(say 200 to 300 feet), the time occupied in unscrewing 
each rod as the drill is drawn up, and reconnecting 
the rods after removing the detritus, is considerable. 
In the rope system, the set of drilling tools, consisting 
of temper screw, rope socket, auger-stem, the jars, 
and bit, are suspended by a stout cable, of manilla. 
The aggregate length of this set of tools is over 50 
feet, and the weight about a ton. The bits used in 
1 America are about 5A inches in diameter, and are 
fnced with about 40 pounds of steel, but in Baku tho 
wells are of greater diameter and the bits corres¬ 
pondingly larger. As tho boring of the well pro¬ 
gresses it is cased with iron tubing, which is lowered 
in successive lengths. Tubing ns much ns loA inches 
in diameter is occasionally used in Russia, "but the 
usual size with which the casing of the well is com¬ 
menced is_ 10 inches diameter, the tubing being added 
in successive lengths of 7 feet. As the depth of the 
well increases and the larger tubing can no longer be 
driven down, smaller tubing is used, and the lower 
lengths are sometimes less than 8 inches in diameter. 
I have already stated that from time to time the 
detritus has to be removed. For this purpose tho 
drilling tools nro drawn up through the medium of 
the strong windlass (technically known ns the bull- 
wheel) fixed to tho sido of the derrick, and actuated 
by the samo steam engino that moves the walking 
beam, and then a few buckctsful of water having 
been poured into tho well, tho “sand pump” is 
lowered by means of a small windlass. This sand 
pump consists of a tube or cylinder of metal some 
0 feet or more in length, having at the lower end a 
valve opening inwards. T'lio detritus having entered 
the tube through tho opening of the valve, tho tube is 
withdrawn with its contents, and this operation is 
repeated as many times as nro necessary. The cost of 
sinking a well is about .£2000, more or less, according 
to circumstances, tho irregular character of tho strata 
rendering the operation morediflicult and costly than 
it is in the United States. As soon as oil is struck, 
tho great anxiety is to allix a cap to tho upper end of 
tho well tubing before tho flow becomes unmanage¬ 
able. A difliculty arises from tho fact that tho oil 
contains a great deal of sand, tho violent flow of this 
sand-laden oil quickly cutting through a considerable 
thickness of iron. 1 saw in Balakhani several caps 
which had thus been rondered usoless. Tho caps 
used nro provided with a valvo so that tho How may 
bo controlled and regulated. In many cases it is 
found necessary to artificially strengthen the ground 
surrounding tho well, in order to provont tho oil from 
making its way to tho surfaco outsido tho tube when 
tho flow is chocked, and in tho case of some wells tho 
closing of tho valvo is attended with tho risk of the 
cap being blown oil' by tho immenso pressure of tho 
oil. It has inoro thnn onco happened that on tho 
oil being struck tho outflow has taken placo with 
such violence that tho'drilling tools, weighing ns I 
have said a ton, have boon projector] from tho boro. 
Tho employment of nitro-glyconno for increasing tho 


production of a well, so common in the United States, 
lias not, I believe, hitherto been resorted to in tho 
Caucasus. 

It is stated that there nro over 400 wells in tho 
neighbourhood of Baku (as compared with inoro than 
20,000 in the oil-fields of the United States), but of 
these I was informed that only about 100 were at the 
time of my visit producing. Rather more than half 
the producing wells arc owned by the firm of Nobel 
Brothers. Of the 100 wells only some 20 are flowing 
wells, the remainder requiring to be pumped ; but 
from what I have stated as to the productiveness of 
the fountains, it will readily be believed that if the 
oil were allowed to flow, these 20 wells would for a 
time yield far more than sufficient raw material for 
the manufacture of the 1,800,000 gallons of petroleum 
burning oil which the world is now daily consuming. 

The oil containing too much sand to admit of 
ordinary pumping, it is lifted to the surface by a con¬ 
trivance similar to that which I have described as 
being employed for removing the detritus during the 
sinking of the well. Tho vnlved tube thus used holds 
about 45 gallons, and it is stated that from 18,000 to 
22,000 gallons can thus be raised from each well per 
working day of 10 hours. 

The average depth of the wells last year was 450 
feet, having been in 1873,154 feet; in 1880, 273 feet; 
and in 1882, 350 feet. It is estimated that tho 
average level of'the oil is lowered to the extent of 
50 feet for every 500 million gallons extracted. 

The No. 18 well (Nobel Brothers), which I saw 
spouting, has a depth of 721 feet. The boring was at 
first stopped at 500 feet, but the flow having ceased, 
the well was deepened. This well was struck three 
years ago. The depth of the famous Droojba well is 
574 feet. I may add for comparison that 1500 feet 
or more is now by no means an uncommon depth for 
petroleum wells in tho United States. 

Soon after the annexation of Bnku by Russia in 
1801, tho attention of tho Russian (.iovernmeut 
was turned to tho natural wealth of this district, 
anil the production of petroleum was at first farmed 
out ns a monopoly to Mccr/.oelT. This continued 
till 1872, and from then till 1877 there was 
an excise duty. During the period extending from 
1821 to 1872 tho yearly revenue from the petroleum 
monopoly was never far short of, and often ex¬ 
ceeded, 100,000 roubles, and in tho latter year it had 
reached the sum of 130,000 roubles. The output in¬ 
creased from 3505 tons ill 1840 to 24,800 tons in 1872, 
but in twoprovious years—viz., 180!) and 1870—tlicout- 
put exceeded 27,000 tons. In 1872 there were only two 
drilled wells, in addition to 415 pit wells, and the 
price of tho crude oil was 45 copecks per pood (about 
£'i, 10s. per ton). Tho following tabulnr statement 
shows tho growth of tho industry from tho timo 
when tho monopoly was abolished :— 


PRODUCTION AND TRICE OF CRUDE 
PETROLEUM. 


1873. 

1871. 

1875. 

1870. 

1877 . 

1878 . 

187(1. 

18S0. 

1SSI. 

Tons. 

. (11.000 ... 

. 78,000 ... 

. 01,000 ... 

. 101,(100 ... 

. 212,000 ... 

. 320,000 ... 

. 370,000 ... 

. 120,000 ... 

. -100.000 ... 

Price per Ton. 
*. <1, 

. 7 11 

. 0 3 

. 7 i) 

. « 3 

. 2 (1 

1882 . 

.usu.ooo ... 

. 2 0 

1888. 

1881. 

.i. 800,000 ... 

. 1,130,001) ... 

; ■ - }2/U to 0 3f 


Tho production of crudo petroleum in tho United 
Stntcs for 1884 lias amounted to about 3 million tons, 
and the price has ranged from about 10/- to 32/- per ton. 
Tho specific gravity of tho crude oil is usually 
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between '870 and '877); some wells have, however, 
yielded oil as heavy as '885, and others oil as light as 
•850. The .specific gravity of the oil first obtained 
from Nobel’s No. 18 well was "800, but upon the well 
being deepened the specific gravity fell to '854. The 
specific gravity of the crude oil now found in Penn¬ 
sylvania ranges from about ‘800 to about ‘820. I 
have placed on the table samples of Russian and 
United States crude oil for comparison. 

The crude oil is in the first instance conducted 
from the well through wooden channels to ponds or 
lakes ; where it deposits the sand held in suspension, 
and it is then pumped into storage tanks prior to 
being piped to tlie refineries. 

Formerly—that is, up to 1875—the transport of the 
oil to the refineries took place exclusively in the 
Persian carts or "arbas” I nave already mentioned. 
These strangc-looking vehicles are entirely constructed 
of wood, the body of the cart simply resting on the 
wooden axle, and the latter revolving with the wheels, 
which are often 8i to !) feet in diameter. The felloes 
of the wheels, being unprotected by tyres, are made 
of great depth to allow for the rapid wear to which 
they are subjected in traversing the rough roads, and 
the wheel becomes in use of smaller and smaller 
diameter until its dissolution, which generally seems 
to occur unexpectedly at the most inconvenient time. 
In theso carts two casks were conveyed, one in the 
body of the vehicle, and the other slung beneath the 
axle. Thousands of these carts were in use prior to 
the era of pipe-lines: it is stated that ns much as 
.£100,000 per annum was paid for thus transporting 
the crude oil. 

The first pipe-line from the wells to the refineries 
was laid by Messrs. Nobel Brothers, in the face of the 
most determined opposition on tho part of the pro¬ 
prietors of the “arbas,” who recognised that their 
business was threatened with extinction ; and it is 
evidence of the lawlessness prevailing in the Caucasus 
that Messrs. Nobel were compelled to erect a' line of 
watch-houses, wherein they stationed armed men to 
guard their pipe. Pipe-lines have some time since 
been accepted by the native carters as a necessary 
evil, but there is still much jealousy among the well- 
owners and refiners, and uS the Tartars have no 
scruples about taking life, it is not safe for the visitor 
to traverso the district around Baku after dark with¬ 
out an armed escort, while even in daylight it is well 
to carry a revolver. 

At the present time there nre seven pipe-lines for 
tho conveyance of crude oil, tho two largest, which 
aro of the respective diameters of Gin. and run., being 
tho property of Messrs. Nobel Brothers. A certain 
amount of crude oil is also transported to the re¬ 
fineries by rail. More than 700 millions of gallons 
per annum could thus bo delivered at the refineries, 
the Nobel Company’s two pipes nlono having a carry¬ 
ing capacity of 170 million gallons per year. Several 
telephono wires connect the wells with tho refineries. 

II.— Refining. 

There are about 200 refineries in tho Tchorni Gorod 
or Blnck Town, at Baku, but at the time of my visit 
not moro than 50 or GO were in operation. Tho works 
range in size from tho primitive Persian refinery, with 
a couple of stills, to tho gigantic establishment of 
Nobel Brothers, and at ail theso works petroleum 
residuum is the solo fuel used. 

Messrs. Nobel’s plant, for separating the burning oil 
or kerosine, as we may conveniently term it, consists of 
a large number of stills, each of tho capacity of 4400 
gallons, arranged in groupsorscricsof not morolhnu 25, 
and worked on the principle of continuous distillation, 


a stream of oil flowing through the entire series. Mr. 
Nobel informs me that this method of distillation is 
specially adapted for Russian petroleum, since from 
such oil only a comparatively small percentage of 
kerosene is obtained, and the residuum flowing from 
the stills is almost as fluid ns tho crude petroleum. 
The productsof distillation are firstseparated into three 
fractions, termed respectively benzene, sp. gr. 754 ; 
gasolene, sp. gr. 787; and kerosene, sp.gr. '820 to '822. 
There is but little demand for the lighter products, 
and though a certain quantity is sold for detergent 
and manufacturing purposes, and a further quantity 
is employed by Messrs. Nobel as fuel, much has to bo 
burned in waste to get rid of it. The kerosene dis¬ 
tillate is pumped into lead-lined iron tanks, termed 
agitntors. of the capacity of 57,000 gallons, where it 
is treated with about ll per cent, of sulphuric acid. 
Tho acid is forced up to the top of these tanks (which 
aro above ground) by air pressure, and is distributed 
through perforated coils of leaden pipes, so that it 
falls through the oil in fine streams. The oil and 
acid aro then subjected to agitation by introducing a 
blast of air at the base of the tank. After this treat¬ 
ment tho acid is allowed to subside, and tho oil is 
drawn oil' into a similar-sized iron tank without lead 
lining, standing at a lower level. In this tank, which 
is furnished with a similar method of agitating, the 
oil is treated with a solution of caustic soda, and is 
afterwards washed. Fresh water being very scarce 
at Baku, sea water is used for washing the oil ns well 
as for tho condensers. The sea water is brought into 
Messrs. Nobel’s refinery from the Caspian by an nouc- 
duct 5 feet in diameter, the intake being 7 feet below 
the sea surface, and 800 feet from the shore. The 
temperature of the water in summer is about 22’“ R. 
(82' F.). The kerosene is run from the washing agi¬ 
tators into settling tanks, where it deposits water, 
and thence is pumped into storage tanks (one of which 
at Messrs. Nobel’s works holds lA million gallons), 
preparatory to being placed in the tank steamers for 
conveyance to the mouth of the Volga. The whole 
process of treatment of the distillate occupies from 
15 to 1G hours. The sulphuric acid used by Messrs. 
Nobel is made by them in a separate factory, where 
3100 gallons per 2-1 hours can be turned out. The 
sulphur wns formerly imported from Sicily, but is 
now obtained from Tchirkat in Daghestan, near tho 
port of l’etrovsk on the Caspian. There is at Baku 
another factory, where sulphuric ncid for the use of tho 
other refiners is made. Although there aro no lnws 
or regulations in Russia prescribing n test for petro¬ 
leum, Messrs. Nobel prefer to make a burning oil 
having a ilnsliing point considerably above that 
which experience 1ms shown to bo sufficient to 
insure safety in tho case of American keroseno, 
Nobel’s oil having a flashing point of about 32° C., 
when tested by tho German modification of Sir 
Frederick Abel’s well-known apparatus. The oil hns 
a specific gravity of about ’821, and is almost freo 
from colour and odour. Of this oil the crude petro¬ 
leum yields only about 27 per cent., but a much larger 
percentage of oil of lower (lashing point or higher 
specific gravity could be obtained. Of oil absolutely 
freo from colour, of sp. gr. '823, and flashing point 
50’ C., Abel-I’cnsky test, the critdo oil yields about 
22 per cent. At another refinery which I visited 
(that of the Caspian Company), I was informed that 
the following $a<Jcs of kerosene wore made 

Quality. Bp. Ur. Flashing l’olnt. 

1 . ‘Kir. :uro. 

2 . *820 . ffi»* (,\ 

3 . '82l/’822 . 22* <J. 

Of tho first quality, some of which is exported from 
Batoum,' tho crude oil is slated to yield 20 per cent.; 
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of the second quality, sold in Russia, 3:} per cent.; 
and of the third quality, sold locally for con¬ 
sumption in the Caucasian district, 38 per cent. 
The crude petroleum of the United States yields 
not less than 70 per cent, of kerosene. 

The residue in the stills after the kerosene has been 
volatilised has a sp. gr. of about *!)03, and is known by 
the Russian name of astatki, or by the Tartar name of 
mnsut. It is usually stored in large excavated tanks, 
lined with masonry. Messrs. Nobel have a cylindrical 
tank of. this description holding 11 million gallons. 

From the nstatsi, lubricating oil is obtained by 
distillation, but in Messrs. Nobel’s works only about 
10 nor cent, of the astatki 1ms hitherto been thus 
dealt with. Of the remainder, Messrs. Nobel use a 
small portion for the heating of their stills and boilers, 
and sell the greater part as fuel. The astatki yields 
about 30 per cent, of lubricating oil, and about 15 per 
cent, of what is known ns solar oil (sp. gr, about '800 
and Hashing point about 220° F.—closed-vessel test). 
The latter is a product intermediate in sp. gr. and 
Hashing point between the kerosene and the lubri¬ 
cating oil, and is capable of being burned in 
snitablo lamps, two of which I have on the table. 
It has by some refiners been termed pyro-nnphtlm, 
and Messrs. Rngosinc have introduced it as a 
“safety burning oil,” but so far it has been difficult 
of sale, and it is usually returned to the astatki and 
thus employed ns fuel. J have on the table specimens 
of the various products to which I have referred. 
Tho crude petroleum of Raku differs from that of the 
United States in containing little or none of the solid 
hydrocarbons ; some of the crude oil of this district 
appears, in fact, to bo practically free from solid 
hydrocarbons, and I believe that is the largest 
quantity llmt any of it contains. On the other hand, the 
petroleum obtained from Messrs. Nobel’s wells in the 
Island of Tehclekcn, on the opposite side of the 
Caspian Sea, yields ns much ns six per cent, of solid 
hydrocarbons. It is well known that the paraffin 
obtained from American petroleum-is a source of 
considerable profit, but while the Raku refiner is at a 
disadvantage in this respect, lie is enabled to make 
without difficulty or expense a lubricating oil, which 
bears exposure to a temperature below zero of 
Fahrenheit’s scale without becoming solidified. 

There arc in the Raku district other refineries 
besides those situated in the RlackTown. One of these 
(KokercfV’s) is at Surnkhaui, on the site of the Eternal 
Fires, the distillery immediately adjoining the temple 
I have already described. This refinery was built 
with the view of using the natural petroleum gas as 
fuel, and elaborate arrangements were made for 
collecting the gas atid conducting it beneath the 
stills, but when 1 visited the distilleiy, astatki was 
being used as fuel. The abundance of natural gns in 
tho neighbourhood of this refinery is shown by the 
fact that the gns is now, as it has been from time 
immemorial, largely used in lime burning. There is 
plenty of limestone rock, and the lime burners simply 
turn up the surface of the ground and apply a light 
to tho gns. 

Messrs. Nobel’s refinery is not only the largest, 
best constructed ami bust conducted at Raku, but it 
compares, 1 think, on the whole favourably with any 
I havo seen in the United States. Portions of it arc 
fitted with Siemens’s olcctric light, nnd somo idea of 
its magnitude may bo gathered from tho fact that it 
contains no less than *15 miles of piping. Jt covers 
from 75 to 80 acres,but tho total area of tho works, if 
the ground occupied by the houses of the employes 
is included, is 120 acres. In this connection J limy 
mention that Mr. Nobel has creeled a number of 
handsome dwellings and a club house for the general 
manager of tho works, tho chemists and engineers, 


nnd has planted gardens which are irrigated with 
water brought from tho Volga. 

Mr. Peacock estimates that 6000 men arc employed 
in the petroleum industry at Raku, the common 
labourers being nearly all Tartars, Persians and 
Armenians, while the coopers, carpenters nnd other 
skilled workmen arc Russians, Finns and Swedes. 
Tho wages of the former class arc as low as 10(1. per 
day or about 25s. per month, while those of the latter 
class ran"o from £'.} to £<> per month. 

The following table shows the amount of kerosene 
manufactured during the last 13 years by Messrs. 
Nobel Rrothers and the other refiners :— 


Years. 

Nobel Brothers. 

All other Hefners. 

Total. 


Tons. 

Tons. 

Tons. 

1872 


10,100 

3G, 100 

1873 


21.500 

21,500 

1871 


2X000 

23,000 

1875 


32.010 

32,000 

1S7(> 

’ioo 

57,000 

57.11)0 

1877 

2.500 

75.100 

77,000 

1878 

1.550 

OXliflO 

J17,550 

J 8711 

0,000 

101,000 

110,000 

1881) 

21,000 

120.(09 

150.000 

18S1 

50.000 

13X100 

183.000 

1882 

72,000 

i:!o,ooo 

202. OCO 

isst 

100,000 

100,000 

200,000 

1SS1 

157,100 

101,300 

318,100 


The price at Tsaritsin was in 1878, 3s. per fivo 
gallons, and is now about Is. 3d. 

The total exports of kerosene from Russia for 
1881 amounted to 37,000 tons, of which Nobels 
manufactured 15,000 tons. 

I estimate the quantity of kerosene manufactured 
from American crude petroleum in 188-1 at more than 
two million tons. 

The following tabular statement shows the increase 
in consumption of kerosene in Russia per head of tho 
population. The figures are Russian pounds :— 


CONSUMPTION' PER HEAD OF POPULATION. 


1872 1872 1871 1S75 1870 1877 

POD P70 ITS 230 2*1)1 307 


187S 187!) 1880 1881 1882 
3’Wi 1*18 113 0*11 (ill 


The distilling plnnt of the Nobel Company would 
cnablo them to make per 2-1 hours, 220,OCO gallons of 
kerosene, 80 tons of lubricating oil, and 1300 tons of 
liquid fuel, equal to a yearly production of at least 
<>5,000,000 gallons, 27,000 tons, and -150,000 tons of tho 
three products respectively. We have already seen 
timt the quantity of kerosene made by this firm last 
year was 157,100 Ions, equal to -12,700,000 gallons, 
and it is estimated that the sales of lubricating oil 
and residuum for the same period amount to 3000 
tons and 250,000 tons respectively. If, therefore, 
Nobel’s works were continuously in full operation 
throughout the year, there would remain n surplus 
available for export of more than 22 million gallons 
of kerosene, 2-1,000 tons of lubricating oil and 200,000 
tons of liquid fuel. 

The nativo petroleum industry is protected in 
Russia by an import duty on American keroseno of 
55 copecks per pood, equal to about 3d. per gallon, 
nnd since 1873 the imports of American kerosene into 
ltussin lmvo diminished year by year. At the present 
time practically tho whole of the kerosene burned in 
Russia is manufactured at Raku. 

The quality of the keroseno made from Russian 
petroleum lias been the subject of much discussion. 
When the oil was first introduced into Europe its 
high specific gravity led to the belief that it would 
not be found to burn well in ordinary mineral oil 
lamps. The fact wns, however, overlooked that tho 
crude oil yields so small it percentage of kerosene, 
that-this product is necessarily very homogeneous, tho 
various hydrocarbons composing it not diilering very 
widely in specific gravity, boiling point and other 
characteristics. This feature is clearly shown by tho 
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following results, which I have obtained in fractionally 
distilling samples of Russian and American crude 
petroleum and kerosene obtained therefrom. A 
measured quantity of the liquid was distilled, and 
each distiHato was by volume of the quantity 
taken for distillation 

United States Crude Petroleum. 



Ilnku Crudo 

From llrndford 

From Parker 


Petroleum. 

District. 

District. 


(sp 

gr. -873) 

(sp. gr. 819) 

(bji. gr. 804) 

1st frnction- 

-sp. RT. 

•7S7 

*725 

*721 

2nct „ 

•812 

*753 

*712 * 

:iril „ 


•839 

*77G 

•7G0 

1th „ 

*♦ 

•833 

•SOI 

*77 

mu „ 

*801 

*822 

•798 

Gth „ 


•818 

•83G 

•818 

7th „ 


•839 

•837 

*825 

8th 


*817 

•839 

*831 

fllh 


*S57 

•813 

•Sl(3 


Jiemarlcs .—The distillation was throughout con¬ 
ducted without passing steam into the retort, 
and there was therefore, especially in the case of the 
Baku petroleum, some decomposition or “cracking” 
of the hydrocarbons, accompanied by the evolution of 
gaseous products, and deposition of carbon. This 
accounts for the low si). gr. of the latter fractions of 
the Baku oil, and for the fact that there was not, in 
every case, sufficient of thu 10th fraction to admit of 
the sp. gr. being taken. It was, however, only desired 
to indicate that the Baku petroleum yields com¬ 
paratively little kerosene, and no arrangements were, 
therefore, adopted to secure the distillation of tlio 
lubricating oil undecomposed. 


1st fraction—sp. gr. 

UuHftiun Kerosene. 

I»|>. sr. '822) 
. -78.-1 

American KcroBcnc 
(up. gr. 803) 

•748 

2nd .. 

. -790 

•759 

3rd ., 


•778 

1th „ 

. -811 

*792 

Sth „ 

. -827 

•802 

nth 


•812 

7th .. 

. -837 

*822 

Sth 

. '838 

•831 

llth 

. '810 

•838 

10th „ 


•819 


A reference to the tables will show (a) that the Russian 
crudo petroleum contains a comparatively small pro¬ 
portion of the lighter hydrocarbons, and (4) that in 
the case of the Russian kerosene there is less dill'ercnco 
between tlio sp. gr. of the lightest and heaviest 
fractions than in the case of the American kerosene. 


lamp was fitted with a Hinks’s duplex burner, and 
two varieties of wick wero used. What is termed 
the American wick was a wick of long-staple cotton 
loosely woven, the English wick being a comparatively 
hard, tightly woven wick such as is commonly em¬ 
ployed in this country. I may take this opportunity, 
of stating that I have not found any exception to tlio 
rule that all mineral oils burn far more satisfactorily 
as well as more safely, when a wick of the character 
of the American wick referred to is used, and I am of 
opinion that too little attention has hitherto been 
paid to this important adjunct to the lamp. 

It will bo noted that the Russian oil did not 
with either wick give as much light as was 
afforded by the sample of American oil, but on 
the other hand there was considerably less dimi¬ 
nution in the light as the level of the oil in tlio 
reservoir of the lain]) fell, and I may state that 
the lntter' feature lias characterised all the compara¬ 
tive tests I have made of the two kinds of oil. I 
linvo tested the Russian oil in various other forms 
of bnnier used in this country and on the Continent, 
and except ill the case of a burner in which a metal 
cone was substituted for the usual glass chimney, 
I have found that it burns satisfactorily. I have 
therefore no hesitation in saving that it is adapted 
for use in ordinary mineral oil lamps. 

Russian kerosene is, ns I have stated, almost freo 
from colour ; that which is manufactured by Messrs. 
Nobel being what is technically termed superfine 
white, according to tlio method of testing and 
standards of the Pctrolenm Association. Formerly 
the colour of refined petroleum was estimated by 
comparing it with that of a standard samplo, the 
two oils being contained in bottles of the same size. 
Several years ago I had an apparatus constructed 
for colour testing, which is now on the table. It 
consists simply of an arrangement for holding two 
tall glass cylinders above a mirror in such a position 
that tlio images of the bottoms of the cylinders arc 
! presented side by sido. The oil to bo tested being 
' jilaccd in one cylinder, and a standard sample in the 
other, it is easy to make an accurate comparison of 
tko reflected discs, which arc, of course, tinted in 
proportion to the colour of the liquids. I found this 
mode of estimating colour preferable, in the caso of 



ItUK-SIAN KEUOSEXE. 

American Kerosene. 


American Wick. 
Standard Candles, 

English Wick. 
Standard Candles. 

American Wick. 
.Standard Candles, 

. English Wick. 
Standard Candles. 

Maximum illuminating power. 

22-1 

19-11 

25’99 

21-25 

Minimum „ „ after 0 hours 

20'5 

17'i 

oo-oi 

10-10 

Average „ „ durlngGhours 

01 >o 

-I - 

1801 

23*90 

22-11 

Porcontapo falllng-ofT in illuminating! 
powor in G hours . f 

72 

9-0 

13-0 

20*9 

Grains of oil consumed per hour . 

1137 

981-0 

1233 

1213 

Grains of oil consumed porcnmlla-llghPI 
per hour./ 

93 *G 

51-1 

51*G 

517 


I have inado a large mimbor of photoinotric tests 
of Russian koroseno burning in ordinary lamps in 
comparison with American kerosene, on various 
occasions during tlio past eighteen months, and in the 
following tablo I give some of the most recent results 
obtained, tlio Russian oil used in the.so experiments 
being of Nobel’s manufacture, and the American 
oil ordinary koroseno of good quulity. Tlio test 


a fluorescent liquid liko petroleum, to that of looking 
down upon the surfaco of tlio oil while tlio tubo or 
cylinder is held over a white surface. Soon nftor I 
coimnoncod the regular use of this apparatus, Mr. 
Robert I*. Wilson, a lnuinlior of tlio Committee of tlio 
Pctrolouin Association, invented and patented (in 1870) 
the chromomotor now largely used in the trado. 
This instrument consists of two tubes arranged sido 
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by side and furnished at the lower end with a small 
mirror, by means of which light may be reflected 
upwards through them, each tube having a screw 
cap with glass centre. Above the upper ends of 
tho tubes is fixed a small box containing two pairs 
of prisms, and above this is an cye-piccc. 

Up to this time it had been tho custom to use 
standard samples of kerosene for comparison ; but 
these were liable to alter in colour, and it was by no 
means the least valuable feature of Mr. Wilson’s 
instrument that gloss standards were substituted 
for the liquid standards previously employed. In 
using the apparatus, one of the two tubes is com¬ 
pletely filled with the oil to be tested, and beneath 
the other tube is placed one of the standards, con¬ 
sisting of a disc of stained glass about the size of 
a shilling. Tho mirror is then adjusted so as' to 
project the light through the tubes, and upon look¬ 
ing into the eye-piece a circular field divided down 
tho centre is seen, tho halves being tinted to an 
extent corresponding with the colour of the oil 
and of the glass standard respectively. The divid¬ 
ing lino is formed by the edges of tho two pairs of 
prisms referred to, and tho prisms are employed to 
bring the light from the two tubes into one eye-piece, 
in the manner shown in the diagram (sec l'ig. 2):— 



Wilson’s chromomoter was, after a sufficient trial, 
adopted in 1872 by tho Petroleum Association, and is 



now in usoin America and on tho European continent, 
os woll os in this country. 


I have on the table a German modification by 
Stammer of this instrument (Fig. 3). In Stammer’s 
apparatus, which in principle resembles the chro- 
moineter already described, the tube containing 
the oil under examination is open at tho top, and is 
fitted with an inner empty tube, also open at the top 
and closed at the bottom by a disc of glass. Tho 
inner tube is in the first instance raised to the highest 
point, and a glass standard somewhat paler in colour 
than the wholo column of oil having been selected, 
the inner tube is lowered, the oil being gradually dis¬ 
placed and the column of liquid shortened, until tho 
two colours match, when the extent of shortening is 
read off on the scale. The precise colour of the oil 
can thus be recorded. 

Lubricating oil made from Baku petroleum was, 
I believe, first introduced into England by Mr. 
Victor ltngosinc, in 1877, and is now sold by the 
firm of Ragosine and Co., under the registered 
names of “ Oleonaphtha ” or “Ragosine Oil,” in 
Germany,” France, Austria, and Belgium, ns well as 
in this country. This firm has two refineries on tho 
Volga, north of Nijni Novgorod, capable of turning 
out a quarter of a million barrels a year. The crudo 
oil and residuum are brought from Baku via tho 
Caspian and Volga, and the refined products arc 
conveyed to the consuming countries via the Volga 
and maritime canal to Cronstadt. The water route, 
though circuitous, is economical, and is likely to bo 
adhered to until tlie raw material can be piped from 
Baku to the shores of the Black Sen. The imports 
of Ragosine lubricating oil into France and Belgium 
sineo 1877 amount to 187,000 barrels. 

Russian lubricating oil, besides being, as a rule, 
practically free from solid hydrocarbons, and there¬ 
fore bearing exposure to very low temperatures, 
without becoming solidified and thus clogging tho 
bearings of machinery, has a remarkably high 
viscosity in relation to its specific gravity. This 
characteristic is very clearly exhibited in the fol¬ 
lowing tabular statement of results which I linvo 
obtained in determining tho viscosities of samples 
of Russian and American lubricating oils for the 
purpose of comparison :— 


Kussimi oil (Bp. B1-. ’913). 

Amoricnn oil (sp. gr. ’911).... 

mission oil (up. gr. ’907). 

American oil (sp. gr. ’907)— 

KmbbIiiii oil (sp. gr. ’S98) . 

Amoricnn oil (sp. gr. ’891) — 
A sample of rcllncil rnpo oil 
(torcomparison) . 


Viscosity 

fit 70° F. nt 120° F. 

Loss in 
Viscosity 
iter cent. 

.. 1100 . 

.. ICO . 

.. ss 

.. 231 . 

.. tXJ . 

.. 71 

.. UJU . 

.. 135 . 

.. 79 

.. 171 . 

.. 58 . 

.. (W 

.. 173 . 

.. 50 . 

.. 07 

.. St .. 

.. 10 . 

.. 50 

!■ 321 . 

.. 112 . 

.. 05 


It has been pointed out that although Russian 
lubricating oil lias a very high viscosity, it rapidly 
loses its “body” upon being raised in temperature, 
and a reference to tho viscosity figures for tempera¬ 
tures of 70° and 120° F. in tho table will show that 
this is the case, tho loss in viscosity between tho two 
temperatures being in tho caso of a sample having a 
pp. gr. of '907, 79 per cent, against GO per cent, in tho 
case of an American sample of tho same sp. gr. 
Where it is desirnblo, however, to employ an oil of 
high viscosity at comparatively low temperatures, as 
in tho lubrication of slow running heavy machinery, 
tho Russian product is superior to tho Amoricnn. 
Moreover, it may be urged that it is beenuso of its 
high viscosity that Russian lubricating oil is so 
much affected by a riso of tompomturo, for it will bo 
noted that in tlio caso of tho American oils, as well 
ns in that of tho Russian oils, the diminution in 
viscosity is in proportion to tho viscosity, tho oils of 
greatest body being most afl’ectod. It is woll known 
that miuoral lubricating oils possess, as compared 
with fixod oils, tho advantage of not being liable to 
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decomposition under the influence of. high pressure 
steam, or to oxidation. They aro, therefore, well 
adapted for the lubrication of engine cylinders, and 
cotton waste used to absorb them is not liable to 
spontaneous combustion. 

I have already stated that petroleum residuum or 
nstatki is the only fuel employed in distilling petro¬ 
leum at Baku. The most simple manner in which 
this fuel can be used is that which is adopted in the 
primitive Persian refineries, where the lluill is allowed 
to trickle upon the lloor of the furnace beneath the 
still, and to burn there. The combustion is, however, 
under these circumstances, very far from complete, 
and volumes of black smoke aro evolved. This smoke 
hangs in denso clouds over the Tchorni Cored or 
Black Town of Baku, and is particularly oil'cnsivc 
tincl destructive of wearing apparel and furniture, ns 
it is so highly charged with oily particles of carbon 
that it may, in fact, be termed vaporous black paint. 
At the Nobel Company’s refinery and some others elli- 
cient arrangements for the combustion of the nstatki 
are adopted, and little or ho smoke is evolved. Before 
I proceed to describe these arrangements, it will be 
convenient to consider briclly the development of the 
use of liquid fuel. As long ago ns 1802 patents were 
taken out in the United States by Ridley, by Shaw, 
and by Linton, for the use of liquid fuel, and in 18(U 
experiments were made, at Woolwich, with an ap¬ 
paratus invented by Richardson. Aydon and Slipa- 
kovsky in 18G5 independently devised arrangements 
for injecting the fuel into the furnace in the condition 
of spray, the former using at first superheated steam, 
and afterwards ordinary steam for the purpose, while 
the latter employed a blast of air. In the same year, 
Professor llankine gave his attention to the subject, 
and in 1877, II. St. Claire Dcville commenced a num¬ 
ber of experiments at the request of the Emperor 
Napoleon III. Devillc’s apparatus was j»ut to a 
practical test in Russia by Kamensky, and after¬ 
wards by Lentz in 18(19, but proved a failure. 
In 1879 experiments were made at the Brooklyn Navy 
Yard, in the United States, with a mixture of crude 
petroleum and pitch, blown into the furnace by a jet 
of super-heated steam, and a very high temperature 
was obtained, iron being melted in 10 minutes and 
glass in 2 hours, as compared with 2 hours and 10 
hours respectively when coal was employed as the fuel. 
In 1870, a.steamer called the “Alc.\ai”was fitted with 
an improved apparatus byShpakovsky, and a successful 
result was obtained. Meanwhile, Lentz had also im¬ 
proved his apparatus, and either the Lentz oil burner, 
or some modification of it, is now employed in the better 
conducted refineries at Baku. Thcdingram (scoFig.l) 
shows the construction of ouo of these modifications 
(Kaufman’s) which has been adopted by the Russian 
Government for use in torpedo boats, tho cylindrical 
flame allbrded being well suited to tho boilers of tlicso 
boats. The astatki and steam meet at C D (sec Fig. -1), 
where, by means of two screws, a fissure is opened 
through which they escape. The apparatus consists 
essentially of an arrangement for spraying, or, as it 
is ternicd in Russia, pulverising the oil by means 
of a jet of steam, a tongue of ilnino being in this 
way projected into tho furnace. In thus using 
liquid fuel for the generation of steam, it is of 
course necessary in tho first place to take a supply of 
steam from a small auxiliary boiler, or to raise steam 
by the use of wood or other fuel. The greatest ob¬ 
jection to this kind of apparatus lies in the fact that 
tho intensely hot pointed ilnino is liable to have a 
prejudicial effect upon the boiler, and it 1ms been 
found necessary to employ screens of fire-clay, against 
which the (lame is directed. Minor objections to 
tho system are that it is wasteful (for, besides tho loss 
of steam, tho heat obtained from tho nstatki is from 


10 to 20 per cent, less than it is capable of yielding), 
and that it is noisy, the roar of tho blast being, in 
some cases, very’ objectionable. Nevertheless, tho 
apparatus is very largely used, more than a hundred 
steamers on the Caspian and Volga, including those 
employed by the Nobel Company for the conveyance 
of kerosene, being fitted with it. Nobel’s steamers, I 
may mention, consume 29 tons of nstatki on tho 
voyage from Baku to the mouth of the Volga and 
back. It is a novel experience to look into the stoke 
hole of a Caspian oil-burning steamer. Instead 
of grimy toiling firemen and coal trimmers, there is a 
single attendant whose sole duties consist in regulat¬ 
ing the cocks supplying the astatki and steam. Con¬ 
sulting the pressure gauge from time to time, this 
attendant is able so to regulato the heat that there 
is neither a scarcity nor a superabundance of steam. 

Liquid fuel is also now largely used on the Russian 
railways, including the Trans-Caucasian and the 
Grinzi-Tsaritsin lines. In regard to its employment 
on the latter railway, Mr. Urquhart stated last 
year in Knyinccrintj that the combustion was smoke¬ 
lessly perfect, and that a practical evaporation of 
12 to Rlilb. per lb. of petroleum was possible. He 
added that 3 or A tons of astatki can bo run into 
the tank on the tender in about -1 minutes, tho supply 
of water being taken in at the same time. 

While travelling by train from Baku to Batomn, 
I noticed that although no smoke was emitted by tho 
locomotive, there was occasionally a disagreeable 
odour of imperfectly consumed petroleum, blit I have 
no doubt, that when the arrangements for burning 
astatki in such boilers are perfected, this source of 
annoyance will bo removed. 

Experiments with a stationary boiler in Messrs. 
Nobel’s works show that one pound of nstatki sprayed 
ns described, vaporises 12lb. of water while the same 
quantity of coal only vaporises from 7 to 8lb. in tho 
same boiler. 

In consequence of the objections attaching to the 
steam-spraying method of burning astatki, Mr. Nobel 
has inado a large number of oxperimonts with the 
object cf devising an apparatus in which satisfactory 
combustion of the fuel might be attained without tho 
use of steam, and has recently patented an arrange¬ 
ment which appears to answer the purpose admirably. 
The apparatus consists essentially of a series of shal¬ 
low receptacles or troughs, so arranged ono abovo 
another at the mouth of tho furnace, that the burn¬ 
ing astatki Hows by successive stages from the highest 
to the lowest. I have on the tablo one of these troughs, 
and tho diagrams (Figs. 5, (i, and 7) illustrato a 
more recent form, as well ns the method of applying 
tho apparatus to the heating of steam boilers. 

With this apparatus no less than 1-Hlb. of water 
can be vaporised by the combustion of lib. of nstatki, 
the heating cil’cet of tho liquid burned under tho two 
conditions described, as compared with coal being, 
therefore, ns follows 


Practical evaporation por lib. of fnol in a Btcam boilor at 
Messrs. Nobel’s works. 

Coal.7 to 8 IbB, 

AstutldBtcamHpraved .. 12 „ 

Astatki burned with Nobel's system of troughs J4J ff 


The most remarkablo results have, liowovcr, been 
obtained in t-lio use of Nobel’s trough burner for 
metallurgical purposes. In a furnace at Mr. Nobel’s 
engineering works at St. Petersburg I snw wrought 
iron reduced to a state of fusion, and horse-shoes, 
spanners, toothed wheels and other articles of soft 
iron can thus be easily and cheaply produced by cast¬ 
ing in moulds. I lmvo on the tablo specimens of this 
kind of iron work, notably a spanner, which has bcon 
bout doublo under a hammer without showing any 
signs of fracture. Tlieso results lmvo been obtained 
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without any heating of the air supply ; and there can but littlo timber available for barrel making, tlio 
bo no doubt that if the air required for tfio combustion difficulty of tinnsport appeared likely to seriously 
of the fuel were previously brought in contact with interfere with the development of the trade. Under 
heated surfaces, much higher temperatures might be those circumstances Mr. Nobel conceived the plan of 
commanded. Tlio difficulty of finding sufficiently conveying the oil in bulk from Baku in tank steamers, 
intractable materials for the furnaces lias, however, ; tank barges,and tank railway waggons, to large storage 
hitherto stood in the way of making experiments in . tanks, whence it could bo distributed in comparatively 
this direction. Liquid fuel is thus practically applied small quantities, in barrels which could be returned 
for the fusion of iron and brass in Baku; uml it is ; to be refilled. This system lias proved perfectly 
found that old scrap iron may, in this way, be con- ' successful ; and it is not too much to say that without 
verted into a valuable soft grey pig iron. The employ- its adoption the petroleum trade in Russia could not 
incut of astatki for metallurgical operations is largely have reached its present magnitude. Tank railway 
oxtending,and the frccdotnof the fuel from phosphorus cars had been employed for the conveyance of crude 
and sulphur gives it a great advantage. The cost of petroleum in the United States, long before Messrs, 
astatki at Baku is about 2s. Gd. per ton, and it can be Nobel Brothers commenced using them in Russia; 
delivered at Tsaritsin, on the Volga, at about 8s. per hut I am not aware that this method of transporting 
ton. It is now much used in Moscow, and in localities ; relincd oil had been adopted in America. The credit, 
as far distant as Stockholm and Teheran, no less than ! however, of having carried to a successful issue the 
l,r>00 tons per annum being shipped to Persian ports, j shipments of petroleum in tank steamers,undoubtedly 
Among the advantages of liquid fuel for .steamships belongs to Mr. Nobel, previous experiments in this 
may bo mentioned economy of space in stowage, as j direction having proved unsuccessful, 
well as of labour and time in placing the fuel on hoard I (The tank steamers employed by Messrs. Nobel 
and supplying it to the furnaces, and the smokeless Brothers were constructed at Motala in Sweden, ami 
character of the combustion; the last-named being an were floated in halves through tlio excellent canal 
important point in the citso of ships of war. system which Russia possesses to tlio Volga, where 

We have now to consider ft feature of the Russian the forward and aft portions were united. These 
petroleum industry, which is of special intorcst to tlio vessels arc about 2.30 feet in length by about 28 feet 
chemist, and seems destined to be of great commercial ! in breadth, and have a draught when loaded of from 
importance. I refer to tlio employment of astatki as 10 to 12 feet. The wholo of tlio. bows and forward 
asourcoof benzene, anthracene and naphthalene. The part of tlio steamer forms one large cistern, furnished 
process employed can scarcely be said to have passed with two longitudinal bulkheads, and several trans- 
boyoiul the experimental stage ; but the apparatus I verse bulkheads to prevent oscillntion of the liquid 
saw was of considerable size ; and I am assured that when the vessel is rolling in a heavy sea. Tlio 
the trials have been conducted on a scale sufficiently engines and boilers are amidships, ami aft of these 
largo to demonstrate conclusively the practicability of arc two cylindrical vertical tanks, of a diameter about 
the mode of operating. The astatki is decomposed in equal to the beam of the vessel, rising somewhat above 
a cupola regenerative furnace, which has been patented the level of the deck. The general appearance of the 
by Mr. Nobel, to whom I am indebted for tlio follow- vessels is shown by the photograph on the table. The 
iug interesting particulars of the results obtained, total capacity of tlio tanks is about 225,000 gallons 
The first destructive distillation gives from 30 to -to (equivalent to 5,500 barrels of -JO gallons each). The 
per cent, of tar, containing from 10 to 1? per cent, of steamers are driven by screw propellers, and tlio 
50% benzol. By a second destructive distillation of engines avo of 120 horse power, nominal. The fuel 
the heavy oils remaining in tlio tar after the.separation used is nstatki or petroleum residuum, and the speed 
of the benzol, 70 per cent, of tar is obtained, con- attained is about 10 knots per hour. Of such steamers 
taining from 7 to 10 per cent, of 50% benzol, 10 per Messrs. Nobel Brothers liavc, on the Caspian, 12. 
cent, of naphthalene, 2 to 3 per cent, of dry “green There aro also lialf-a-dozcn smaller steamers owned 
grease” (or 30% anthracene), and 21 per cent, of by other linns. 

pitch. There is also obtained in the process 75 to Wliilo loading, tlio steamers lio alongside piors cx- 
100 cubic feet per cubic foot of astatki of gas having tending into tlio sea from tlio neighbourhood of tlio 
an illuminating power live times greater than that of refineries, tlio oil being convoyed on board through 
coal gas. The regenerative furnneo is first heated to 8in. pipes, ami tlio cargo of oil can thus bo placed in 
1000°C., astatki being, of courso, used as tho heating tlio vessel in -li hours. 

agent, and when it has become cooled in tho process From Baku to the mouth of the Volga is a voyage 
of decomposing tho nstatki it is again similarly heated, of a couple of days, tho distance being about -400 
the gas remaining in tho furnneo and tlio coke do- miles; but the Caspian is a stormy sea, ns I found to 
posited on tho hearth being utilised as fuel. Tho my inconvenience, nnd in tlio short trips which tho 
furnace is stated to remain in working order without steamers mako tho system of tank transportation has 
cleaning for twelve months. The world’s consumption been sovcrcly tested, and has been prpved to bo free 
of benzol is probably not less tlinn 7000 to 8000 tons from risk. It is truo that the prevailing winds on tho 
per annum. London gas-tar contains about 1 per Caspian avo oitlior north or south, and, therefore, dead 
cont. of 50% benzol and 1 per cont. of 30% anthracene, abend or astern; but if tank steamers can traverse 

this sea without accident, there is probably no reason 
III.— Distuiuutiox. why they should not safely cross tlio Atlantic, and I 

doubt not that in time American petroleum will bo 
Tho most ronmrkablo illustration of tho forethought, shipped in bulk, 
energy and enterprise which hnvo throughout elmrac- Tlio Volga at its wido mouth is oxlronicly shallow, 
tensed Mr. Ludwig Nobel’s action in the petroleum and tho tank steamers can proceed no further than a 
trade is afforded by tho admirable system of trnns- locality termed Nino Feet Soundings, about 20 miles 
portation and distribution, which ho has elaborated, from land, mid 80 miles below Astrakhan. Hero tho 
It is well known that rolined potrolouin is usually oil is transferred to tank barges, in which it is con- 
carried in casks, holding about -10 gallons, or veyed to Tsaritsin (a distnneo of 28-4 miles from 
in tins of four gallons onclosed in twos in woodon Astrakhan) or other distributing centres on tho Volga, 
casos. Tlio latter paekago is comparatively costly, tho transport of tho oil from the Baku roliiiories to 
nnd is only employed in tho caso of oil intended Tsaritsin occupying six days. There aro 38 tank 
for uso in hot climates; and as Russia produces bargos on tho Volga, of which 20 are owned by Messrs. 
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Nobel Brothers. At Tsaritsin Messrs. Nobel Brothers 
have 10 storage tanks (holding collectively six million 
gallons), railway sidings, cooperage, etc., and the 
electric light is employed to facilitate work at night. 
There are also at this place some 30 tanks, of an 
aggregate capacity of nearly nine million gallons, 
belonging to the Caucasus and .Mercury Company, 
and other firms ; but many of these tanks are for the 
storage of residuum, while all except ono of Messrs. 
Nobel’s tanks are for burning oil. 

From the storage tanks at Tsaritsin the oil is run 
into tank railway waggons, or barrelled, for con¬ 
veyance by rail into the interior of Russia. Messrs. 
Nobel have on the Tsaritsin-Griazi railway 1,500 
tank waggons, similar in form to those used in the 
United States, each waggon holding about 2,000 
gallons of oil. A train is usually made up of 25 
waggons, and thus Messrs. Nobel have (iO trains 
engaged in the conveyance of refined petroleum 
from Tsaritsin to their storage tanks throughout 
Russia. The railway company have also a con¬ 
siderable number of tank waggons of their own for 
the conveyance of the petroleum of other firms. 

Messrs. Nobel have at Tsaritsin a barrel factory 
capable of turning out 500 barrels per dny, much of 
the wood used being brought from Siberia by way of 
the river Kama. 

The Nobel Company have established their princi¬ 
pal storage and distributing centre at Domnino, near 
Orel, in Central Russia, where they have tanks capable 
of holding 18,000,000 gallons. They have also ex- 
extensive tankage at Moscow, St. Petersburg, Warsaw, 
Saratow, and 23 other places, chiefly in Russia, 
the total storage thus provided being more than 
3G millions of gallons. The necessity for provid¬ 
ing for so large an accumulation arises from the 
fact, that the Volga navigation’ being closed from 
the latter part of November to April, the year’s 
supply must be conveyed into the interior of Russia 
and placed in storago during eight months. An 
interesting feature of the working of this system 
of tank-waggon distribution may be witnessed at 
Messrs. Nobel’s ofiico in St. Petersburg. A map of 
Russia is marked with the various depots and con¬ 
necting railroads, and the clerk in charge being 
furnished from time to time throughout the day 
with telegrams informing him of the movements of 
tbo GO petroleum trains, indicates the position of 
each train on the map by means of a small flag. 

Until recently Messrs. Nobel were fully occupied 
in supplying the home demand for burning oil, but 
during the past year they have transported a con¬ 
siderable quantity across Russia into Germany, 
Austria and Belgium, and it is contemplated to 
shiii oil from Libau in tank steamers. 

Tho following estimate of the cost of Russian 
keroseno delivered in Stettin has been published by 
tho Nobel Company :— 

Per GnL 

Coat of too korosouo delivered at Tsaritsin on tlio 
Volirn, Including general charges and a reasonable 

profit . ltd. 

Railway freight In Nobel's tank cars from Tsaritsin 

to Lilian... ltd. 

Charge for wenr and tear of lank cars. id. 

Freight from I,lbau to Stottiu . jd. 

Proportionate cost of barrel at Stoltln, with storage, 
discharging and leakago. lid. 

Total cost. Cd. 

Other firms have followed tho example of Messrs. 
Nobel in the organising of bulk transport. Tho 
Caucasus and Mercury Company propose to provide 
tank steamers and barges capablo of convoying 
120,000 tons of oil. from Baku to Tsaritsin on tho 
Volga during tho eight months tlmt tho navigation 


of tho river is open, and have arranged with a 
Russian company for the conveyance of tho oil 
from Tsaritsin by rail, and its distribution through¬ 
out Russia. 

A glance at the geographical position of Baku will 
show that there are two principal outlets for tho 
petroleum to western countries, viz., by the Volga, 
and across the Caucasus to the shores of the Black 
Sea. Hitherto I have dealt only with tho former 
outlet, but as tho latter promises to be at some future 
time of vast importance, I propose to describe it in 
detail. It is well-known that a lino of railway, 5G0 
miles in length, now connects Baku with tho port of 
Batoum. A portion of this line was constructed 
many years ago, but the section connecting Baku and 
Tiiiis has not very long been completed. It was 
anticipated that the railway from Baku to Batoum 
would have furnished a means of transport for largo 
quantities of petroleum, but, unfortunately, from 
motives of economy,- the older portion of tho line was 
carried over what is known as the Suram 1’ass which 
has an elevation of 3,000 feet nbove sea level, and tho 
gradient being in some plncc3 as much as 1 in 22, a 
train is limited to only six tank cars, though two 
Fairlio engines are used to draw it up the incline. 
Thl) lino also being n single ono tho traffic is con¬ 
gested, and I was informed that the transport of 
petroleum from Baku to Batoum, which costs about 
Id. per gallon, lias recently occupied from four to 
fourteen days. In order to overcome the difficulty, 
it is proposed to establish a storago depot on tho 
Baku side of the pass about 1G0 miles from Batoum, 
where the tank cars would discharge thoir contents, 
and from this point to lay a pipo line over the pass to 
Batoum so that the oil maybe pumped up to thohighest 
point mid allowed to flow down to tho shores of tho 
Black Sea. It is tho opinion of competent persons 
with whom I discussed the subject, that before 
Batoum can become a very important place of ship¬ 
ment for Baku petroleum, either tho pipe lino to 
which I have referred must be constructed, or tho 
railway improved by laying a second line of rails and 
making a tunnel live miles in length through tho 
Burain l’ass. 

The cost of tho pipo lino is estimated at threo 
millions of roubles, while the tunnel would probably 
cost eight to ten millions of roubles. In any case 
oxtensive tank storage must be provided at Batoum, 
and it is thought that if, pending tho construction of 
a pipe line or tunnel, there wero adequate means of 
receiving and storing the oil at this port, tho present 
railroad, if properly managed and provided with tho 
necessary rollingstock, would bosullicientfor tho trans¬ 
port of from -10 to 50 millions' of gallons per annum. 
Mr. Burkhnrdt of Batoum, informs mo, in a letter 
received recently, that during tho year 1881 there 
were shipped from that port about 1-1,500 tons of 
keroseno, -1500 tons of lubricating oil, and 4700 tons 
of astatki or residuum ; a total of rather more than 
G,-100,000 gallons. 

When I travelled ovor tho line there wero nominally 
400 tank waggons for tho conveyance of petroleum, 
but I was informed that less than 300 wero available 
for use. I have, however,quite recently learned that 
tho Russiun Government hnsauthorised tho expendi¬ 
ture of 5,000,000 roublos in improving tho means 
of transport of petroleum across tho Caucasus, and 
that 750 now tank cars, 28 Fairlio locomotives, and 
oxtensivo tank storago at Batoum and other points 
are at once to bo provided. Tho sum of 3,000,000 
roubles is now being spout upon harbour works at 
Batoum, ami it is possible that boforo long petroleum 
may be shippod in tank steamers from this port. 

Tho following tahlo, for which I am indobted to 
Mr. Backer, gives tho distances in Italian miles of 
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somo of the principal petroleum markets of the 
world from Batouin and New York respectively 


To. 

From Batouin. 

From Now York. 


1312 

. 5030 


1078 

. 3580 


3317 



... 3185 

. 3313 


3112 



2000 



1910 

. 1075 


1810 


Hull. 

3212 

" 



. 35711 



3110 

. 3000 


_ 2121 



.... 3190 

. 3210 


1117 



2011 

. 3913 



. 1200 


_ 1507 

. 1M5 


800 

. 1882 


_ 1708 

. 1982 

Constantinople .. 

. 582 

. 5200 


At the present time practically the whole of the 
lank storage at Batoum is owned by Mr. Pnlaseh- 
kowsky, wiio has also a factory fitted with all the 
newest American machinery for turning out 0,000 
tins and 3,000 wooden cases per day. 1 have already 
referred to this form of packugo as omployed in the 
shipment of petroleum to hot climates. The cost 
of the complete ease made in Batoum is 02 copecks 
(less than 2s.), viz., 28 copecks for the wood case and 
32 copecks for each tin. American barrels are worth 
in Batoum about Os. Od. and barrels made in Baku 
cost about 8s. 

It is contemplated to provide a third outlet for 
Baku petroleum by the construction of a railway 
line from Petravsk, on the Caspian Sea, to Vladi¬ 
kavkaz. The line would be about 100 miles in length, 
and its estimated cost is rather more than i,T,. r j00,000 
sterling. It has also been proposed to connect 
Novorossisk with Vladikavkaz and Baku with 
Potrovsk by rail. 

The astatki is usually conveyed from Baku to 
Tsaritsin and other points on tho Yolga in sailing 
vessels and barges. When this fuel can bo cheaply 
conveyed to Bntoum or Poti it seems likely to 
compete with coal, of which about 300,000 tons are 
annually shipped (chiefly from England) to Black 
Sea Ports. 

Tho two principal routes to Baku arc (I) vid the 
Black Sea and Transcaucasian Railway, and (2) vid 
tho Volga and the Caspian Sen. For those who can 
spare the necessary time, I would strongly recom¬ 
mend from personal experience the following'circular 
tour:—London to St. Petersburg, vid Hamburg, 
Copenhagen, Gothenburg, and Stockholm. St. 
Petersburg to Nijni Novgorod, vid Moscow. From 
Nijni Novgorod down tho Yolga to Astrakhan. 
Astrakhan by steamer to Baku. Baku to Batouin by 
Transcaucasian Railway. Batouin to Constantinople 
by Austrian Lloyd’s steamer, touching at Trebizondo 
ami other places of interest, as well as groat natural 
benuty on tho coast of Asia Minor. Constantinople 
to London by tho Orient express, or if time permits, 
home by way of Athens and the Adriatic. This 
journey is not far short of 8,000 miles in length, 
without tho detour to tho Pirieus, and occupies about 
two months, including a reasonable time spoilt at 
vnrious places of interest. It may bo materially 
shortened by proceeding overland to St. Petersburg 
and by taking tho rail from Moscow to Tsaritsin, 
thus cutting oil a good deal of tho tedious, but in some 
respects interesting, Volga journey of 1800 miles 
from Nijni Novgorod to Astrakhan. Tho Constanti¬ 
nople route homo is also by no moans tho shortest 
from Batouin, and thoso who are pressed for time 
should take tho .steamer to Odossa. A route which 
is highly spokou of by thoso who have traversed it is 


from EostofF-on-the-Don to Vladikavkaz by rail, 
and thence to Tiflis on the Transcaucasian Railway 
by road through some of the finest mountain scenery 
of the Caucasus. The shortest route from London 
to Baku is vid Berlin, Odessa, and Batoum. By this 
route Baku is about 2,ii00 miles from London, and 
may be reached in 10 or 12 days without material 
discomfort or fatigue. As Baku is undeniably a hot 
place in summer, the visitor should not arrive there 
before the middle or latter part of September, nnd if 
tho Volga route be selected Nijni Novgorod may thus 
bo visited on the way to Baku before the closing of 
the groat fair. 

DISCUSSION. 

Professor Diavais, in thanking Mr. Redwood, called 
attention to tho valuable results to be effected by 
utilising the volatile portion of the products obtained 
by distillation, for working gas engines. 

Sir F. A. Aiiul, in supporting the thanks, spoke of 
the application of the least volatile petroleum pro¬ 
ducts as fuel for locomotives and steamers, and said 
he felt perfectly sure that, not only in the mercantile 
marine, but from the small torpedo vessels to the largo 
men-of-war, where the saving of space was of such 
rent importance, the introduction of liquid fuel would 
prove a new era in maritimo power. 

Replying to an inquiry as to the differences between 
Russian and American petroleum. 

Dr. Akmstkoxu said that Russian petroleum was a 
material of very great interest to the chemist, ns thcro 
could be little doubt that it was entirely different in 
composition from American petroleum. The American 
oil, it is well known, contained little besides hydro¬ 
carbons of the mctlmno or CnM2n + 2 series. Accord¬ 
ing to Markovnikoff nnd Oglobinc (Ann. Chim. Phy. 
1881, [li] 2, 372-484), whose investigations appeared 
to merit overy confidence, the Russian oil contained 
a very considerable portion of benzenes (pseudocu- 
menc, several isomers of cymcnc, nnd also of its next 
liomologuc), nnd of other benzonoid hydrocarbons; 
it chiefly consists, however, of hydrocarbons of the 
CnH2n series, isomeric both with the olefines or true 
homologues of ethylene, and with tho hoxhydrides of 
the benzenes. Those latter hydrocarbons exhibit tho 
closest resemblance to the parnflins; but arc of higher 
density than their isologues. They are attacked by 
chlorine, yielding chlorinated derivatives ; but on 


oxidation arc completely destroyed without furnishing 
characteristic products. The following is a list of 
tho hydrocarbons of this group, which have been 
separated from the Russian oil:— 


c.ir,. . 

u/Up . 

c:;!!;:: 

cill'c: 


B. 1\ 

Density ut 0®O. 

Density at 0 9 of 
isologous normal 

119 .. 

— 771 tgrin. percent.. 

J’u ratlin. 

.... *7188^1*111. 

130 .. 

.... 7SOS 

.... *733 

p)i.. 

.... i 9 j if . 

.... *7150 ,, 

ISO .. 

.... *8119 


1911 .. 

— ’SOI'i ,. (at 17°). 


210 .. 

.... ‘811)0 


217 .. 

.... ‘8201 

- — 


Ltoetpool Section. 

Chairman : li. lv. Mnspratt. 

Vice-Chairman; J. Campbell Brown. 

Committee ; 

Krooni V. Illbby. C. Symcs. 

!liaison A. Biauoy. G. I, J, lVeils. 

Knstaco Unroy. ■ F. ilurtor. 

.lolni Hargreaves. II. Ilriintiar. 

K. .Milner. A. Norman Tuto. 

K. \V. Parnell. I J. Alllock. 

Local Sec. ; K. G. llalinni, Qucon's.l’ark, St. IIcIoiib, 
Notices of papers and communications tor tbo meetings to 
bo sent to the Local Soorotary. 

Tho noxlMoollmrot thisSootion will bo hahUon Wednesday 
ovonini;, March fill, 1830. whoa Mr. 10. It. Muspruli will road 
a paper on "Tho Itlvors Pollution Hill.” " 
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ON INSTRUCTION AND EXAMINATIONS IN 
CHEMICAL TECHNOLOGY. 

I1Y A. XOIt.MAX TATE. 

I thought it illicit be well to bring before the 
members of this Society, for the purpose of open¬ 
ing a discussion, somo items that I think should 
be considered with reference to the future progress 
of chemical industry. The members of this Society 
deal with processes based upon scientific facts and 
principles, and for the successful carrying out of these 
proce-ses, there is required, not only a knowledge 
of these facts ami principles, but a further knowledge 
and full appreciation of numerous technical details 
and practical skill in working these out. Now one 
of the chief objects of this Society is, or should be, 
the further development of chemical industries, and 
therefore, the question may be fairly asked, What is 
the Society now doing in furthering chomical indus¬ 
trial progress, and what else may be done to supple¬ 
ment present work ? In one direction something is 
being done, and that is in the publication of the 
Journal, which month by month gives important 
information respecting chemical processes, and the 
opinions of those engaged in different departments of 
chemical industry, and thus form a medium of com¬ 
munication between the members that is extremely 
valuable. I would suggest that we should do some¬ 
thing in the way of instructing workmen and others in 
the.several facts and principles on which their work is 
founded, and training them in practical technical 
details. 

There is very little dono in this country, so far as I 
can see, in actual practical instruction in technology. 
There aro certainly lectures on technology, and cer¬ 
tain courses of instruction given in some of the colleges 
and schools throughout the country, but these courses 
are too frequently little morethnn mere lecture instruc¬ 
tion, and not to my mindsullicientlvpractical; there¬ 
fore, I think this Society may take some steps to 
cncourago moro practical instruction bearing upon 
technical details. Certainly there is much that is 
extremely valuable in the technological instruction 
given iu Owens College, Manchester ; University 
College, London ; The Technical Chair of Chemistry 
in Anderson’s University, Glasgow; and the Fins¬ 
bury Technical College of tho City and Guilds of 
London Institute, and other places ; and the scheme 
of instruction fostered by this last-named Institution 
is probably one of the most complete schemes ever 
put forward, for, although not actually teaching all 
branches of technology, the Institute’s scheme of 
examination indicates a line held of technological 
work for students, lint this scheme, admirable as it 
is, is, as f think, far from perfect, and unless great 
care is taken may load up to, and in many cases end 
in, the answering by written answers certain printed 
questions, and many of the questions put aro such as 
cm well he answered by a clover crammer, destitute 
of any really technical skill. I have gono carefully 
through the questions in several subjects, and con¬ 
sider many of them quito unfitted to test technical 
knowledge. Many of ilium aro such as may bj put 
to elementary students iu science subjects bearing 
upon tliu toeiinologie.il subject to which thoy refer, 
but tlioy aro not calculated to test a knowledge of 
technical details, Thou, again, somo of our best 


workmen cannot possibly succeed in such examina¬ 
tion. A man may be able to work in a most admir¬ 
able way and know everything necessary for success¬ 
ful work, but not be able to put lib ideas into sliapo 
so as to properly describe tho process on paper, and 
until wo have a better educated race of workmen 
(and of course wo may hope for that now that ele¬ 
mentary education is given to all), such paper exami¬ 
nations aro useless to a very largo inunW of our 
most experienced workmen, who, il they attempted 
the examinations, would be most certainly plucked. 

I therefore think this scheme of the City and Guilds 
of London Institute faulty and incomplete. But I 
certainly look upon what I consider its faults, as such 
only as are incidental to now enterprises, and probably 
useful additions will be made when further experience 
is gained. I cannot, myself, consider any system of 
examination in technology complete unless it includes 
some test of practical work involving actual supervi¬ 
sion, for the very essence of instruction in technology 
seems to me to aim to give power to do work—that is, 
not only to understand all that is stated in a lesson, 
but power to work out in practical shape, with atten¬ 
tion to all necessary details, that which is described 
or shown by the teacher. 

I cannot help thinking that something may be dono 
to promote sound instruction and examination in 
chemical technology by tho Council of this Society, 
and I would suggest that it is advisable there 
should be appointed a permanent eommitteo of tho 
Society, and that the work of this committee should 
bo to lirst ascertain what is being done in this and 
other countries in the way of allbrding facilities for 
instruction in chemical technology. The Report of tho 
Royal Commission on Technical Instruction, lately 
issued, would form a most convenient and instructive 
source from which to givo a preliminary report on 
tho present position of chemical technology. Next, 
tho committee might gather opinions and facts from 
amongst tho members and others, ns to the valuo 
of existing modes of instruction and examination, 
and make suggestions that would nmend or ndd to 
them. And again, suggestions may be gleaned and 
passed round amongst members ns to individual 
effort in promoting more careful study and working 
out of technological details—as, for instanco, in tho 
way of offering prizes to workmen and others who _ 
show themselves most fitted to receive them. The 
•Society of Arts now oilers prizes for inventions and 
work of different kinds, and could not this Society 
do something in this direction also? When 
the Royal Commission on Technical Instruction 
was taking evidence, nothing was dono by this Society 
to allurd information, but lmd such a eommitteo ns 
I suggest been in existence, probably much valuable 
nid might have been given by it. 

In conclusion, I would say that I think we have to 
strivo to give moro complete technical instruction to 
workmen and others before they enter works, than is 
allbrded by the lectures and courses of instruction 
given in our colleges and schools at the present time; 
and believing that a committee, such as I allude to, 
could aid much in promoting a better system of in¬ 
struction, I suggest that this section passes a resolution 
asking the Council to consider the subject, and if tlioy 
think lit nppoiut a eommitteo. 

Mr. Mono said iu tho early days of the Society 
this no doubt was one of its oojoets, lmt os they had 
gone on and bucomo more numerous, it lmd gono 
into tho background. ' There was a paragraph con¬ 
tained in tho original byo-laws which had special 
reference to tho promotion of technical education in 
chemical industry, but it was omitted iu tho now 
byo-laws. ft lmd bucomo a groat deal moro diin¬ 
cult to deal with any subject of tho sort, through 
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the many sections that had been formed. The con¬ 
sequence was that every step which the Society had 
to take had to go through the Sections, and opinions 
taken there ; and it was really diflicult now to get 
at the opinion of the Society ns a whole, as the 
yearly meetings are no longer made use of for tiie 
purpose of ascertaining the opinion of the Society 
upon any special subject, l lis own opinion was that 
a very' great deal was still to be done in the direction 
of getting technical education, lie would rather say 
scientific education, in England. He would not say 
of improving it, but he said deliberately, a great 
deal had to be done in getting it. He certainly per¬ 
sonally wished that their Society should do its 
share, if- it could, in this matter. The notions with 
reference to technical education appeared to bo 
peculiarly mixed up, and he was very much struck 
with the remarks ot Mr. Tate, when he spoke of tlio 
young men who went to Owens College and other 
scientific institutions, and the figure which young 
working men would make if they had to pass an 
examination. Thero seems here to be a confusion 
between tlio education which had to be given to work¬ 
men anil the education which had to be given to men 
who had to manage works. Surely these two 
mtestions should not bo mixed up. They were as 
uillerent as different could be. It it was desirable 
to give a certain grounding in natural science to 
working men—men who earn their living by daily 
wages—this ought to be dono by primary schools, 
by teaching every child in the country a certain small 
amount of natural science and the general laws which 
govern the universe. To do more, he, for one, con¬ 
sidered impossible. A man who had to earn his liveli¬ 
hood by dally wages could not afford to attend schools 
tlio object of which was to teach anything more than 
what could bo taught at the elementary schools. As 
to teaching technology to men who were to manage 
works, ho was of opinion that as little of it should 
be taught as possible. There ho was at variance with 
gentlemen who now tried to teach technology. It 
was absolutely impossible in a school to teach that 
which was done in works. The only thing they could 
do was to lunko him understand the principles 
which governed what was done in works, by giving 
a sound scientific education Whatever else was 
wanted, he could only learn in practice. He thought 
the suggestion which Mr. Tuto had thrown out was 
desirable to bring tindor the notice of the Council. 
His own opinion was that it was very desirable to 
make the Society ns useful as possible. 

Tlio CiUiitMAN must say he agreed to a very great 
oxtont, if not with all, that Mr. .Aloud had stated. The 
fact was that there was a confusion in the minds of 
all Englishmen as to what technical instruction was, 
and what scientific instruction ought to be. They 
could not expect that they could teach in schools 
how to carry on chemical operations on a lnrgo scale. 
At tlio same time ho thought that in leaching 
chemistry in their schools and in their colleges, it 
might bo taught in very dilferent ways by different 
teachers. Pass in" a pupil simply through quantita¬ 
tive analysis would not qualify him very well for 
taking part in chemical works. On tlio other hand, 
if tho pupil had an opportunity of preparing sub¬ 
stances in tho laboratory on a somewhat larger sealo, 
and carrying on chemical operations thero to a 
greater extent than they did now, ho would learn 
a great deal moro of tho behaviour of sub¬ 
stances, and ho would bo moro usefully instructed 
than by tho courses hitherto given. People who 
employed chomists in works, know that some of 
thorn dillbrod very much from otliors, and that 
those who had boon educated in somo labora¬ 
tories wore much better fitted than others for 


their duties. All they could do was to teach 
science, they could not teach technology in schools, 
lie knew that the Technical Institution in London, 
of tho City Guilds, had endeavoured, and he 
believed were endeavouring, to teach technology. 
He thought it was a mistake—he used technology 
in the narrow sense of tho word. He thought they 
would find that they could do very little in that 
direction, but he hoped they would be able to teach 
science in a diiforent manner, and they ought to 
teach it in such a manner as to promote original 
research both in practical and scientific chemistry. 
In the course of time, he had no doubt, we should 
evolve in England somo course of instruction which 
would bo suitable for the condition of English 
manufacturers; but the Germans and some Conti¬ 
nental nations who had much longer experience of 
this question of technical instruction, had, lie thought, 
come to’the view which had been enunciated by Mr. 
Mond, that you practically cannot teach technology 
in the narrow sense, and the art of carrying out 
chemical operations on a large scale they could not 
teach in any school whutover. That experience 
must be got in the works themselves. This 
excluded the possibility of carrying out Mr. Tate’s 
desires. At the same time he .thought it desirable 
that this question should be considered by the 
Society of Chemical Industry; but it was de¬ 
sirable first that they should discuss it in their sec¬ 
tions, and if they came to the opinion that it was 
desirable to have a more general discussion, call the 
Society's attention to it. The proper way would bo 
to pa*s a resolution in that section and send it on to 
the Council, and then it would be fully discussed. 
The object of the uucstions in the technological ex¬ 
aminations should lie to endeavour to find out whether 
the pupil understood tho laws which lay at the basis 
of all operations in the chemical works. If he did 
that lie would be properly qualified for taking part in 
chemical works, after he had a certain amount of 
experience in tho works themselves. 

air. Mono observed that lectures could never do 
more than give the pupils an idea of the apparatus 
used and the processes employed. They could not 
possibly teach how to perform the operations, either 
to design or use the apparatus. Lectures could only 
give a general idea of how the thing was generally 
done. The general idea was exceedingly useful, but 
it would never enable a man to carry the thing out. 
They would have to learn it practically in the works 
themselves. Even when teaching technology, the 
knowledge which was given was not only imperfect, 
but it was never up to date. The lecturers on 
technology could never know, and tiie toxt books 
never contained, tho processes actually at work. 
Usually they were ton years behind tho present time, 
and very often longer than that. 

Professor Camiuiixi. Bnow.v was exceedingly glad 
to have heard tho remarks from Mr. Mond, ami from 
tho Chairman that evening, because ho had long felt 
thero was a great deal of misunderstanding in tho 
popular mind ns to what could or ought to-be done in 
tho way of technical instruction. Tho popular iden 
was that a young man ought to go into a technical 
college and be taught from the beginning to the 
end the wholo process of making ono thing 
whether soap, alkali, bleach or dye. It was perfectly, 
clear that men did not learn these things without 
first learning a great many other things,and he was ex¬ 
ceedingly glad to hear from Mr. Mond that technical 
details could only be learnt in tho works, and what 
technical colleges had to do was to tench those who 
wero to go into tho chemical works, tho laws of nature, 
and how to obsorvo and report observations correctly. 
Mr. 'i'ato had remarked upon tho systoin of tho City 
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Guilds Institute, Ho doubt the examination questions 
were sometimes very absurd, but they were not moro 
absurd than examinations generally were. lie believed 
it was a fact that examinations would never be able to 
determine who was the best practical man. They 
had signally failed to do so in the universities in this 
country, and probably everywhere else. He believed 
the system of examinations so enthusiastically carried 
on at South Kensington, was responsible for a great 
deal of the mistaken energy which had been devoted 
to this kind of cramming for scienco and art examina¬ 
tions. Hut when they looked away from the 
examinations, and saw what was being done 
in the way of teaching, they found a very different 
account. It was not by examinations, but by the 
teachers looking over the work from day to day and 
from week to week, and making a report of what was 
done, that they could pick out the best boy for practical 
work. In the ordinary examinations a boy might not 
be very well on the day he had to write his answers, 
lie had known men who were perfectly callable of 
becoming senior wranglers that could not pass, 
because they had the toothache the night before. Ho 
was glad the members of the Society were pre¬ 
pared to state their opinion, and whatever the Society 
did it should be in order to get good preliminary 
training, to get pupils to observe the laws of nature, 
and then refer them to the works for technical 
details. 

A discussion took place ns to the form the resolu¬ 
tion suggested by Mr. Tate should take, but it was 
ultimately ngreed that the discussion should be re¬ 
newed nt a future meeting, when members' would 
have sullicient opportunity of rending the report, or 
at least the reconnnendatioiisof the RoyalCommission 
on technical instruction. 




University College, Ashton Street, Liverpool, 
Wednesday Evening, February 4, ISSii. 


ON A COURSE OF INSTRUCTION IN 
TECHNOLOGICAL CHEMISTRY, AND 
THE DIFFICULTIES AT ..PRESENT EN¬ 
COUNTERED AND TO BE OVERCOME IN 
THIS COUNTRY. 

liY WATSON SMITH, 

lecturer in Chemical Technology in the Owens College, 
Manchester. 

X 

Since the subject of “Instruction and Examinations 
in Chemical Technology” has already awakened 
interest and discussion in this Section, Mr. A. 
Norman Tnto having led the way with a communica¬ 
tion bearing the nbovo title, in re-opening tho 
adjourned discussion, I may perhaps bo excused for 
giving my views on a subject to me of tho greatest 
interest. Taking tho subject of general technical 
education in the first plnce, tho division of the 
subject-matter made by the Royal Commissioners in 
their Report, is a fundamentally necessary one, for it 
is clear, as pointed out by Mr. Moml, that the kind 
of instruction needed by the different classes of per¬ 
sons engaged in technical pursuits, must from tho 
very nature of things be different. This division is— 
Firstly :— 1 The instruction of the proprietors and 
superior managers engaged in industrial pursuits. 
Secondly :—That of the foremen engaged therein. 
Thirdly That of tho workmen ; 
and this division applies to tho chemical industries 
ns to every other branch of applied science. Com¬ 
mencing at the bottom and referring to the ordinary 
workman, n very elaborate degree of technical educa¬ 
tion would bo out of the question, inasmuch as the 
peoplo of the working class have neither timo nor 
money to expend in obtaining it, but for boys belong¬ 
ing to this class, tho board schools nro already doing 
an enormous work. I need not, perhaps, remind 
Liverpool men of the great success which has attended 
tho teaching of the principles of science under tho 
auspices of tho_Liverpool School Board; but as tho 
method of carrying out this scheme of science instruc¬ 
tion may not be generally known, I will not apologise 
for reading extracts froin the Report of the Royal 
Commissioners on the subject. 


Mil. E. K. MUSPUATT IN THE CUAIIt. 


The Chairman stated that ho had received a 
letter from tho President of the Society (Dr. 
Perkin), who was endeavouring to get subscriptions 
to the Henry Watts Fund. There was enclosed a 
circular from tho Birmingham Section, asking for 
subscriptions to assist Mr. Watts’ widow mid children, 
seeing how much industrial as well as scientific 
chemistry owed to Mr. Henry Watts. Mr. Muspratt 
thought they wuuld all agree with him that it was 
desirable that they should do what they could towards 
tliis very worthy object. Mr. Watts did a great deal 
for chemistry, and his Dictionary of Chemistry was a 
most valuable work. Perhaps somo gentleman would 
movo that tho Committee send opt invitutions to 
subscribe to tho fund. 

It was moved by Mr. Carey, seconded by Mr. A. 
Norman Tate, that tho Committee issuo a circular, 
inviting subscriptions to tho fund, on behalf of this 
.Section. 

The motion was carried. 

Tho diseussion on Mr. A. Norman Tate’s paper, read 
November 5, was then reopened by Mr. Watson Smith, 
who contributed tho following paper 


LIVERPOOL. 

“ System of Science Teachiny in Liverpool Board 
Schools. —With a view to the provision in the curriculum 
of their schools, of some subject specially calculated to 
awaken anil exercise the observing faculties of the chil¬ 
dren, the Liverpool School Board, acting on the advice 
of several eminent scientific gentlemen, in March, 1877, 
resolved to introduce the systematic teaching of elemen¬ 
tary science into their schools. Tho brandies of instruc¬ 
tion were selected from the limited number of scicneo 
subjects included in the four! h schedule of the New Code 
of that date, viz., mechanics (or, the principles of natural 
philosophy) for boys, and domestic economy for girls. 
Tho instruction given is necessarily based on tho syllabus 
of cadi subject set out in the schedule, in order to qualify 
the scholars to earn grants under tho Education Depart-, 
incut; but in each ease tho subject, as arranged in tho 
code, has been modified and extended so as to enable it 
tho moro readily to be taught by experimental demon¬ 
stration to lurgo classes of children. 

“Science Demonstrator in Elementary Schools in 
Liverpool.—' The method of teaching the subjects, which 
has been found by experience to he capable of producing 
very beneficial results to tho scholars, is to combine 
ordinary lessons by the teachers of tho school with a 
system of experimental demonstrations given by means 
of specially appointed demonstrators. The apparatus 
required for the demonstrations is kept at a control 
laboratory, mid is transferred from school to scliodl, us 
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required, by means oi a light lmml-cnrt. In this way 
each demonstrator is aide to give from IS to 20 demon¬ 
strations per week. In order to simplify the arrange¬ 
ments for the demonstrations as much as possible, by 
providing for the same demonstration to lie given in 
several schools in succession, the Kdncation Department 
was, itt the commencement of the scheme, requested to 
provide for the school-years of the dillbrent schools to 
end as nearly as possible at the same time; and this 
was carried out so far as to admit of the schools being 
arranged in two groups, the annual examinations of 
which fall in the autumn and spring respectively. In 
the case of domestic economy, the demonstrations are 
given only every alternate week, and the same is the 
case ill the second stage of mechanics (taken ‘by the 
Fifth -Standard), Imt to the Fourth Standard, just com¬ 
mencing the subject of mechanics, one demonstration is 
given every week. In the intervals between the demon¬ 
strations, the teachers of the respective classes, who are 
supposed to he present at the demonstrations, are 
expected to go over with the children the subject of the 
demonstration ; and in many instances their lessons are 
illustrated by simple experiments; and in order to 
enable the teachers (the larger number of whom have 
unfortunately had no special training for the subject) to 
perform their portion of the work the more satisfactorily, 
a simple text-hook has been specially prepared, contain¬ 
ing reading lessons on the subjects of the demonstrations, 
and exercises to he worked by the scholars. The demon¬ 
strations have been given in several of the other elemen¬ 
tary schools of the town, not under the Hoard, on 
payment by the managers of the schools, of a proportion 
of the expenses. 

“At the present timo there is one chief demonstrator, 
who hax also to organise the instruction, and two 
assistants. 

“The cost of the apparatus used in the school demon¬ 
strations for the live years during which the scheme has 
been in operation amounts to about X120, many of the 
articles having been provided in duplicate in consequence 
of the largo number of classes. 

“Science Tuition of Pupil Teachers in Liverpool .—In 
addition to the instruction given to the scholars, special 
science classes in connection with the Science and Art 
Department, have been arranged for the pupil teachers, 
so as to gradually train thorn to take an intelligent part 
in the work in the schools. About TO male pupil teachers 
attend the central classes in mathematics, acoustics, 
light and heat, and electricity and magnetism; and 
about lot) female pupil teachers are under instruction in 
animal physiology. A short course of lessons in 
mechanics is also given each year to the male pupil 
teachers. 

“ Liverpool Council of Kdncation. —Mr. Christopher 
llnshcll explained to us the action of the Liverpool 
Council of Education, a body of which he is (ho presi¬ 
dent. The object of the Council is to connect the 
Elementary ,Schools in the city with the Secondary 
Schools. For this purpose a system of prizes and 
exhibitions has been established, and independent 
examiners report on the quality of the papers which are 
set by them, and the Council acts on Inis report in their 
selection of the candidr tes. From the Secondary Schools 
the hoys obtain an opportunity of passing to the higher 
colleges or to the Universities of Cambridge and Oxford. 

“ Kccnimi Science instruction in Liverpool. —A very 
important feature in the educational institutions in 
Liverpool, is the systematic series of evening science 
classes. There are two distinct organisations founded 
for this purpose, each of which carries on classes under 
the Department of Science and Art, without interfering 
with the other. They act as friendly rivals, and tho 
result is that, probably, in no city in the kingdom are 
these classes more nourishing, or doing better work than 
in Liverpool. Guo of these organisations is termed the 
‘Liverpool School of Science,’ tho other ‘Thu Liverpool 
Science and All Glasses. 

MAXCIIKSTKIt. 

“ Etcincnlarp Instruction of the Manchester School 
Hoard. —Thu Gummissionors inspected many of the 


schools under the direction of the School Hoard of the 
city of Manchester. The average attendance in this 
city for the quarter ending September, ISS.'I, was: 
Voluntary schools, 25,730; and board schools, 10,01)2; 
or I in every 7’5 of the population, and the cost to the 
ratepayers during the last live years has been 2d. in the £. 
Statistics of the School Hoard mid particulars of tho 
visits paid to the schools will he found in tho Appendix, 
Vol. IV. ' 

“Manchester lfitjhcr K/cmcntari/ Schools.—Science 
Teaching and livening Classes, under School Hoard .— 
Manual Work. —The points of special interest as regards 
technical instruct ion are: (I) The foundation by’ the 
Hoard of so-called graded schools, or higher elementary 
schools, into which the more advanced or most talented 
children from tho primary school can be. drafted, and 
where the higher subjects, especially science and draw¬ 
ing, arc taught more satisfactorily and more economically 
than can ho done in a school containing children of ail 
ages and of all stages of progress ; (2) The establishment 
by the Hoard of a systematic series of science and art 
evening classes, as well as of evening schools, for pro¬ 
viding instruction in reading, writing, and arithmetic, 
for those who have had no opportunity of learning when 
young; (3) The establishment of classes for instruction 
in the use of tools, in two of the .Manchester Hoard 
.Schools. 

“Central School. —Of the higher elementary schools 
two may serve as examples. The lirst ami most remark¬ 
able of these is the Central School in I’etcr Street, taken 
over by tho Hoard in 1 SSI), and now transferred to new 
and most complete premises in Deansgate. Thu results 
of the science teaching in this school are well worthy of 
notice. Out of a total of 320 boys, 27ti have passed 
Standard VI., and arc taught during the day mathe¬ 
matics, physiology, chemistry (both practical and 
theoretical), sound, light, and heat, magnetism and 
electricity, physical geography, and mechanics. French, 
too, is taught throughout the school. A girl's higher 
elementary school forms one-half of the building. 

“Practical Chemistry. —Tho toial grant from tho 
Science and Art Department, earned by this school in 
1SS2-3 was A'3!)S. Practical chemistry is extremely 
well taught; no less than 103 hoys, of whom 28 are 
advanced pupils, were engaged in lulsirutory work in 
tho winter IS83-I, as well as 20 girls, and tho new 
school buildings in Deansgate contain a laboratory well 
lilted and arranged for 70 hoys working at once, with a 
leetnre-i'ouni attached sealing 100. Every boy in the 
school learns drawing upon tho South Kensington 
method. 

“Scholarships. —To the boys’ school is attached ono 
for 200 girls, and 20 scholarships exist for necessitous 
hoys and girls from the primary schools. These are of 
the greatest service, as they form the lirst step in the 
ladder by which a talented hoy may climb from tho 
board school to tho University. Other scholarships take 
tho boy from this higher elementary to the Manchester 
Grammar School, ami others again from that to thu 
University. Several hoys have already accomplished 
this feat. 

“ IJucic .1 venue School, Manchester. —The other higher 
elementary school visited is that in Ducio Avenue. 
This is a new school containing 1)00 children in four 
departments; it cost, with land, liftings, and chemical 
laboratory, about ill 1,000. The upper school fee is Oil. 
pur week] the lower lid. and -Id. Hath boys and girls 
arc taught science, and both—viz., tit) boys and -It! girls, 
work in the chemical laboratory, which is in a separate 
building, well lighted and ventilated, and having a 
special class-room attached; of tho boys, 130 aru in 
Standards VI. and VIL, or above, and of tho girls, 0(1. 
Tho grants earned by this school from the Science and 
Art Department wuro XI12 ; and this, together with the 
school pence, more Ilian cover its working expenses. 

"These two schools may ho taken as an example of 
what eau be accomplished by the School Hoard in a 
largo city, even with as low a rate as.2d. in tho X; 
ami although in appliances of certain kinds theso schools 
are less completely furnished than many Continental 
schools, your Commissioners have seen none which stir- 
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passed them in general efficiency, or in the tuition of 
any special subject, except in that of drawing.” 

IIIUMIXGIIAM. 

“ Birmingham School Board, Science Instruction. —On 
the occasion of their visit to iiirminghnm, the Commis¬ 
sioners met the members of the School Hoard, and 
inquired into the system of science and art teaching 
under the Hoard. 

“Board School Instruction in Elcmcnteiri/ Science .— 
Science is taught in accordance with tho following .syl¬ 
labus, by a practical demonstrator and assistant (who 
visit each hoys’ and girls’ department once every fort¬ 
night), and by the teacher of the school. 

“Method of Instruction. —The science demonstrator 
for the Hoard (or an assistant demonstrator) gives one 
lesson fortnightly, of nhout -10 minutes’ duration, to the 
hoys in the tilth and higher standards in each school. 
These lessons are illustrated experimentally by speci¬ 
mens and apparatus, carried from school to school in a 
hand-cart. 

“ Hetweeu the visits of the science demonstrator at 
least one lesson is given to the same class by the 
teachers of the respective schools (as a rule by a teacher 
who was present at the demonstrator's lesson, and took 
fall notes of it), and a written examination on the sub¬ 
ject-matter of the lesson is also held. The answers are 
corrected by the class teacher, and submitted to the 
demonstrator at his next visit to the school. A general 
examination in elementary science is held yearly. 

“Syllabus of Fortnightly Demonstrations fur Boys .— 
Specification of a force ; nature and action of machines; 
principle of work. The mechanical powers; conditions 
of equilibrium; the mechanical advantage; friction. 
The lever; parts of a lever; three orders of levers. 
Practical applications of the lever; double levers. 
Weighing machines; the balance ; the steel-yard. The 
wheel and axle ; practical applications of this machine. 
The toothed wheel; clocks and watches. The pulley ; 
fixed and movable pulleys ; the three systems "of 
pulleys. The inclined plane; its principle and applica¬ 
tions. The wedge. The screw. Compound machines. 
Pressure of liquids; surface of liquids; liquids under 
the action of gravity. The hydrostatic press. The 
parallelogram of forces. The parallelogram of velocities. 

“Syllabus of Fortnightly Demonstrations for Girts .— 
Structure of ifio huiiiiiu body ; names and positions of 
the various organs; structure of the skin; the teeth. 
Circulation and respiration ; impure air and ventilation. 
The organs of digestion; the brain and nervous system. 
Nature of food; necessity for food; quantity required; 
classification of food. Preparation ol food meat: its 
composition and culinary treatment. Fish, eggs, milk, 
butter, cheese : Principles reguluting their use and pre¬ 
paration as food. Flour, pulse, peas, beaus : their com- 
losition and preparation for the table. Starch, sugar, 
ruits, vegetables : their use us food. Condiments ami 
beverages. Apparatus for cooking: how used. How 
to maintain the body in health : I. Fresh air and pure 
water are needful. II. A suitable dwelling, sullieient 
food, and exercise (work) are also required. The sick 
room : duties of a nurse. Contugious diseases : their 
origin and treatment. How to prevent them spreading. 
Disenses of children : how to help the doctor. Acci¬ 
dents : what to do in cases of cuts, burns, &c. 

‘‘Science livening Classes wider School Board, Bir¬ 
mingham. —Classes for the evening instruction of pupil 
teachers are held at two centres, under the regulations 
of the Science and Art Department. Male pupil 
teachers take chemistry and magnetism and electricity ; 
and females, physical geography aud magnetism and 
electricity. 

“The Commissioners visited the Icknield Street 
Hoard School, which has been provided with an 
excellent laboratory, in accordance with tho require¬ 
ments of the Science Directory. Here some of tho 
senior boys and tho pupil teachers have practical labora¬ 
tory instruction in ehemistrv. 

" Instruction in linmlieiahs is not as yet given in any 
of the Hirminghnm Hoard Schools, hut this matter is 
under the consideration of the Hoard.” 


Thus we see that for those working men having a 
real love and aptitude for the pursuit of science tho 
evening classes of the Science and Art Department 
oiler ample opportunities, and the abler. boys from 
the primary schools can pass by exhibitions to the 
higher institutions in the town. This connection 
between the higher board schools and the colleges, and 
even universities, is one which ought to be much extended, 
and on this point I desire to lay the greatest stress. 
In this country, it can at present only be established 
by the voluntary movement of generous hearts and 
open hands. On the Continent, in Germany, it 
follows ns an establishment of law. cHectcd by 
so-called paternal governments, albeit noth wise and 
far-sighted. 

The. Foremen are usually chosen in our industries, ns 
indeed tho name indicates, from the best workmen, 
and so the education would he much the same as that 
for the men, and here other characteristics also would 
come in, helping to raise the men to this next step 
higher, that of foremen, us conscientiousness, presence, 
and power of command, physical strength, etc., which 
certainly do not form subjects for cither examination 
practically or on paper. Rut still, those of these men 
who arc die best, and have taken fullest advantage of 
their opportunities, are the ones that must in the end 
best succeed. That this feeling lm.s now become 
a common one, is borno witness to by the fact of such 
large numbers of candidates for instruction in the 
great centres of industry. Amongst the other means 
now accessible to the poorest, of our countrymen are 
the evening classes under the Science and Art Depart¬ 
ment, in which purely scientific tuition is obtained, 
and most wisely and excellently engrafted on to this 
is the .scheme of the City and Guilds of London 
Institute for encouraging more specialised knowledge, 
pei haps we might or ought, I think, to be able to which 
define ns scientific instruction with a bias in certain 
directions — i 'it., the Technological directions. The 
bias is involved, of course, in the a/iptieation of the 
science to the modus aperanili and menus ndopted, 
for the realisation by utilising certain of its laws and 
facts, of produce on u large scale, a larger ono for 
example, than that of the instruction workshop. or 
laboratory. As regards the chemical industries, 
there is analogy then between the laboratory and the 
works, and since the proper construction and use of 
apparatus in tho laboratory forms n phase of instruc¬ 
tion inseparable from the learning of practical 
scientific chemistry, so in the case of chemical work 
oti the Inrge scale, the genera! principles of construc¬ 
tion and use of plant nud apparatus, must also form 
a phase of instruction inseparable from the learning 
of practical chemistry as carried on in the works. I 
am quite awaro that other prominent conditions come 
in, in the latter branch, and are important, as eco¬ 
nomics, wear and tear, etc., liintters bnsed on long 
observation and experience, and for all these reasons, 
it must be plain tlmt only a certain amount, and 
that not n very Inrge one, can bo tmight in schools 
mid colleges, of this subject of Technical Chemistry 
in tho full sense. It is a subject for a life practice ; 
but I hold most firmly, as I know by experience, that 
a certain amount can be taught mid usefully taught, 
mid further, that much more can be tnught by those 
who liavo had at ono time or another actual living 
experience in tho works, just as practical and analyti¬ 
cal chemistry can be taught best by those who have 
worked themselves in the laboratory, ratlior than by 
thoso with a niero book-knowlodgo of the methods 
used. 

As to practical technical skill conferred by know¬ 
ledge of general scientific principles amongst working- 
men and foremen, this might nut ho very specially 
manifested in some more rule-of-thumb processes, 





Fob. 28,18S.">.] THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. 


87 


supposing the workmen “ were watched at their work”; 
the result of such instruction and training will be a 
general improvement, but nevertheless the "power to 
do j(w7;”must be conferred, for is not knowledge power, 
and power to do work I If, moreover, an objection 
to the examination scheme of the City and Uuilds of 
London Institute is, that a large number of our 
present most experienced workmen are unablo to 
express themselves in writing so as to give replies to 
the questions, wo now see from what I have rend 
from the Report of the Royal Commissioners, that 
the growing generation will not have that dilliculty 
to contend with, and so the Institute will soon out¬ 
grow this defect, if it be one. I consider that the 
examination questions “such as may be put to elemen¬ 
tary students m science,bearing upon the technological 
subject to which they refer, without testing the know¬ 
ledge of technical details,” if understood and answered, 
might be evidence of great good being done, and of a 
kind, were I the employer of the successful examinees, I 
I should hail with clclight; but to draw forth in public 
examination form from my workmen evidence on 
paper of a knowledge of technical details in some 
directions might excite my feelings in quite another 
direction. These details belong essentially to the 
works, and the teaching of applied- science in the 
wide and true sense can flourish without them, for 
it aims at growth of understanding, reason anil 
intellect, and not at accumulation of knowledge of 
special details. 

References were made, not very favourably, in 
the November discussion to seicnco examinations 
generally, and to those of the South Kensington or 
Science and Art Department especially, and the well- 
worn objection of so ; cnlled “cramming” was brought 
against them. It must be remembered, however, that 
the word cram can be only too easily applied. The 
mind cannot be stored with facts, without these facts 
being introduced somehow, and the substitution of 
the word cram for introduce is often loo lightly made. 
Examinations must be passed, just as competition in 
business must arise, and just as races must be run in 
many ways, and in many spheres of work. Such 
competition is considered a healthy sign. Rut ns 
regards this alleged “ cramming” for Science and Art 
examinations at South Kensington let. us remember 
somo important statements on this head, by no less an 
authority than Professor Huxley, to wit, that when 
he looks back at the state of scientific ignorance in 
this country some thirty years ago, and then regards 
the present slate of comparative enlightenment, lie is 
astonished at the advance, an advance largely duo to 
the effect of the study, reading and work in prepara¬ 
tion for the continually recurring examinations of the 
Science and Art Department. 

Now with regard to the first group referred to in the 
Royal Commissioners’] leport—viz.,the I'roprietorsand 
Superior Alan tigers, and their instruction m Chemical 
Technology and the attendant or involved branches of 
science. You will have already read in the address of 
Sir Henry Roscoo at the opening meeting of the 
Manchester Section, in tho number of our Journal 
for last December, what his views aro on the subject 
of the higher education and training needed by this 
class, all of which I most cordially endorse. Especially 
would I call attention to Sir Henry’s weighty words 
on jingo 50-1 (paragraph at foot of column one and 
lop of column two), where ho points to tho highest 
]>lntform, or school, needed by those who aro to bo 
our leaders in industrial science,—viz., that of original 
research, tho search after .new manifestations of laws 
and forces, or even after new laws and forces, for only 
by such search can tho closest intimacy of acquain¬ 
tance with the workings of those laws and forces bo 
attained. Then as regards the wider genera! educa¬ 


tion necessary for this class, I would refer to tho 
imjiortnnt words in Yol. I. of Rep. Roy. Com., pp. 515 
and 510. 

‘‘Technical Instruction for Proprietors and Managers. 

—In determining what is the best jircjmration for the 
industrial career of those who may expect to occujiy tho 
highest positions, it is necessary to dillerentiatc between 
capitalists who will take the general, as distinguished 
from the technical, direction of largo establishments, 
and those at the head of small undertakings, or the 
persons more especially charged with the technical 
details of cither. For the education of the former, 
amjdc time is available, and they have the choice 
between several of our modernised grammar schools, to 
bo followed by attendance at the various colleges in 
which science teaching is made an essential feature, or 
the great public schools and universities ; provided that, 
in these latter, science and modern languages should 
lake a more prominent place. Either of these methods 
limy furnish an npjirnprintc education for those jiersons 
to whom such general cultivation as will jirejiare them 
to deal with questions of administration is of greater 
value than an intimate acquaintance with technical 
details, it is dill'ercnt in regard to the smaller manu¬ 
facturers and to the practical managers of works. In 
their case, sound knowledge of scientific jirincijdcs has 
to be combined with the practical training of the factory, 
and, therefore, the time which can be appropriated to 
the former, that is, to theoretical instruction, will 
generally lie more limited. 

“How Training map he Obtained .—Ifow this com¬ 
bination is to be carried out will vary with the trnde 
and with tho circumstances of the individual. In those 
cases in which theoretical - knowledge and scientific 
training are of pre-eminent importance, as in the case of 
the manufacturer of line chemicals, or in that of the 
metallurgical chemist, or the electrical engineer, the 
higher technical education may with advantage be 
extended to the age of 21 or 22. In the cases, however, 
of those who are to be, for example, nmnngcrs of 
chemical works in which conqdcx machinery is used, or 
managers of rolling mills, or mechanical engineers, 
where early and prolonged workshoj) experience is 
all-iuqioituut, the theoretical training should be com- 
jdcled at not later than 1!) years of age, when the works 
must be entered, and the' scientific education enrried 
further by private study, or by such other means as do 
not interfere with the practical work of their callings. 
Many colleges of the class to which we have referred 
have already arranged their courses to meet these 
requirements, and some of them, as will iqijicar from our 
reports of visits, have workshops for the purpose of 
familiarising the students with the use of machine and 
band tools.” 

Of courso Sir Henry Roscoe in bis address to 
the Manchester Section (Inc. cit.) referred to our 
courso of instruction in Chemical Technology in 
the Owens College in the examjdes given, and as it is 
in this course that luycxpcrieneo is mainly wrapped up, 
1 tuny jierhajis ho excused if I refer to some details 
in connection therewith, which may be of interest 
and, nerndventure, possess somo points of novelty. 

Although in many respects similar to, and 
to somo extent jilanned from, the l’olytechnikum 
courso followed in Zurich, which curriculum I 
becamo familiar with after working there for threo 
years ns a teacher ns well ns a learner, an entirely 
new departure has been tnkc-n in our citso having 
no parallel anywhere that 1 know of. This is, 
as I will ns briefly ns possible try to show, in the 
intimate and most advantageous connection estab¬ 
lished between the scienco degree courso of the 
Victoria University and tho courso of Technological 
Chemistry. 

It is jiossiblo for a student to set out for a four 
years’ study at tho Owens College, to make the 
preliminary courso preceding matriculation in tho 
University identical with and cover tho preparatory 
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year forthc Technological Chemistryconr.se, and at the 
end of the succeeding three years to conclude by 
passing the B.Sc. degree of the Victoria University 
with honours in Chemical Technology, and also to 
acquire the certificate (analogous to the Zurich Poly- 
teclinikum Diplom) in Chemical Technology. The 
advantages, to such a student are manifest, lie leaves 
the college armed with the requisite knowledge for 
starting in life, either in the profession of teaching or 
in the technical direction, and he has credentials to 
smooth his way, and to help in opening up which¬ 
ever path he may choose. If in addition to this the 
student could take the certificate of the City and 
Guilds of London Institute, that would be still 
further proof of fitness, l’ut this requires time, and 
so did apprenticeships in older times—apprenticeships 
of seven years for learning a trade. Now let us see 
what the Owens College course in Chemical Tech¬ 
nology involves, and mainly consists of. We have 
the Preparatory course, analogous to the Ziirich 
Vorkurs in which no technology at all appears, for 
we assume that if we mean by Chemical Technology, 
Applied Chemistry, then there must be first present 
the something tn apply before we can talk of its 
applications. Hence this first year is devoted to the 
Study of Inorganic Chemistry (the non-metals). Prac¬ 
tical Chemistry (qualitative analytical work in the 
laboratory, with Analytical Chemistry lectures), 
Mathematics, Mechanics (lectures), Geology (strati- 
graphieal), French or German, Geometrical Drawing 
lectures, Mechanical Drawing, practical. 

In the second year, or fu-sl of the Tcchnolor/iail 
Course proper, we have Chemistry lectures (non- 
metals and metals, or junior and senior), Chemical 
Laboratory (quantitative work),Technological Chemis¬ 
try lectures (first course). Experimental Physics or 
Elementary Mineralogy, German or French, with the 
injunction that it is desirable tho student by the end 
of the second year should have gained a knowledge 
of the elements of both these languages. Then come 
Geometrical and Mechanical Drawing lectures and 
practise, as in the previous year. 

In the third year, tho second of the Technoloi/icul 
Course the Senior Chemistry lectures arc repeated, if 
desired. The Organic Chemistry lectures arc now 
entered, with those on Chemical Philosophy. More¬ 
over, as a practical course, the Physical Laboratory is 
also entered where the practical study of Chemical 
Physics is pursued, or as a matter of choice the 
Advanced Mineralogy lectures with a practical course 
in that branch may be entered. Mechanical Drawing 
is continued, but now without the Geometrical 
Drawing lectures, and it is continued to tho ond of 
the entire course, so important is it considered that 
this part of an engineers training shall bo undergone 
by the students of Applied Chemistry. The second 
course of lectures in Chemical Technology is lastly to 
be heard and to be passed. 

The final year is devoted to the hearing and 
passing the lectures and examinations in Organic 
Chemistry a. second time, unless they have been heard 
and passed in tho former year. The Technological 
Chemistry lectures, two courses—viz,, tho third 
and fourth. Chemical Laboratory, four days per 
week, and Mechanical Drawing. But now you may 
desire to know what the Technological Chemistry 
lectures themselves treat of, and how they aro 
graduated to the increasing proficiency in general 
scientific, specially chemical, knowledge of tho 
student, moreover, what is done in tho Chemical 
Laboratory? Wo saw that in tho First Year's Tech- 
nolotjical Course, tho Inorganic Chomistry lectures 
had already been heard, and now wo have a courso of 
applied Inorganic Chemistry, that of tho sulphuric 
acid and alkali manufacture with tho attoudunt 


branches, as much os there is time for. It should be 
stated that these courses are ended by visits to 
chemical works as far as possible, so that practical 
illustration of the principles involved in the courses 
of lectures are thus afforded. In this direction wo 
' number amongst our friends of the Liverpool Section, 
several, who give us annually most generous assist¬ 
ance by throwing open their works to our students, 
and who generally themselves explain the principles of 
their plant and processes to them. 

IntnesccondTechnological Year,Organic'Chemistry 
is just commenced, and some insight lias already been 
obtained into it, in the closing lectures of the Senior 
Systematic course, and moreover the elements of 
Chemical 1’hysics have also been learned, and now 
comes a branch of applied Chemical Physics with 
elementary Organic Chemistry, in the Technological 
Chemistry lectures, which are heard in this year. A. 
The destructive distillation of wood and the products 
obtained. B. The Chemical Technology of. fuel, 
manufacture of coke with recovery of volatile products 
in coke ovens. 0. Tho distillation of coal-tar, and 
separation of crude tnr products, and ammonia and 
ammonium salts from gas-liquor. 

In the third,and final year a further demand is 
made upon the knowledge of Organic Chemistry, 
which should now be attained, in the third course of 
Technological lectures, on the manufacture of coal- 
tar products, intermediate derivatives and coal-tar 
dyes and colouring matters; and in the fourth course 
of lectures, both the knowledge of Organic Chemistry 
and that of Geometrical and Mechanical Drawing 
will appear in their full value, in the study of textile 
fibres, bleaching, dyeing and calico-printing. 

As regards the laboratory courses, what is first 
insisted on is the mastery of systematic courses of 
qualitative and quantitative chemical analysis, and 
this before any serious attempt is made in the 
direction of preparations further than those after¬ 
wards employed for analysis. Now it will bo said by 
some, a course of good preparations, or of experimental 
investigation into the working of fundamental chemi¬ 
cal and physical laws, would lie of more real service 
to a student who is to lie a thinker, and an original 
thinker, than all these disciplinary courses of 
analytical work, already so “cut and dried," nnd 
tabulated. I would reply, “ there is a time for every¬ 
thing,” and after this course of manipulative analytical 
study is over, is the right time to commence to utilise 
all the means now acquired and at hand, for original 
research and investigation, either by means of pre¬ 
parations or original work. 

But now to come to one of the difficulties with which 
such a hi"h standard and course in England is encom¬ 
passed ; this is that its necessity is not sufficiently 
understool. and yet, so far ns 1 linvo observed, all 
thoso who have persevered and have, passed our full 
course, aro now in good positions, positions propor¬ 
tionately higher to their superior merit. 

There is no outlay of proportionately meagre 
amounts in any commercial branch, for which such, L 
would almost say, outrageously large and quick 
returns aro demanded, as in Chemical Education in 
this country. 

There is another dillicnlty, as regards getting 
admittance for tho higher talent of our lower classes 
into the higher colleges. 

However, wo are looking forwards hopofully to lay 
tho foundation of u grand system, and tho outlook is a 
satisfactory one, but would bo moro so if wo could only 
bymennsol bursaries or scholarships connect tho board 
schools ami the higher colleges. When such connection 
is effected, I should not bo surprised to find that in tho 
future, looking at tho thoroughness of tho teaching 
given, tho managers and even heads of our industrial 
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concerns will be rather supplied from tho chosen 
spirits of board schools, than from the sons of the 
wealthier classes who have been sent to Eton and 
Harrow, etc. 

In conclusion, it is pretty e'ear that the meaning of 
tho word Chemical Technology receives often different 
interpretations, but the sense in which i have wished 
to use it and understand it, is'to refer to the scientific 
principles involved in and encompassing the chemical 
industries, and in the use of means and appliances 
therein. I know it is nonsense to attempt to teach 
Chemical Technology, in the narrower sense, in col¬ 
leges, but there is much that can be taught ns already 
shown, and if the governing principles are taught by 
thoso who have lived and served in the factories, more 
vivid and true pictures nnd illustrations can lie given, 
and the applications of the principles themselves 
belter amplified and enforced. Nevertheless, so far 
as my own teaching is concerned, nnd especially in 
the branches in which I have had practical experience, 
it is certainly not behind the times. To be ten 
years behind, except in certain special branches, 
limited in number, would argue practical inexperience 
or negligence, or at all events that our Journal was 
not serving its purpose in educational directions. I 
(piitc agree that the technical text-books arc mostly ten 
years behind, and often more. However, in teaching 
what I understand by Chemical Technology, it'is not 
necessary to give all that is done absolutely up to date, 
nor to give full instruction in all that is done. The 
student’s time is far too precious for the latter and too 
much occupied by the study of broad scientific truths ; 
but the teachers would, or ought to, know how best to 
give the general outlines, and draw general lessons of 
scientific principle from what they have seen and know, 
so that the clothing with more minute practical details, 
proportions, and quantities would soon be put on here¬ 
after, when the arena of actual working practice is en¬ 
tered. The mental training in generalising legitimately 
and logically from the smaller area of the laboratory to 
the larger spheres of working on a larger scale, if it 
be but by outline and on broad principles, properly 
carried out, is, I am certain, of tho highest value to 
the student, in furnishing him with general maxims 
and data to help in clearing his way, assisting his 
vision nnd reasoning faculties, and giving him a 
readiness more quickly to adapt himself at the outset, 
on entering the works, to the new circumstances and 
scenes about him. This means, of course, to begin to 
be of real use to his employers in tho shortest 
possible timo after entering their service. 

To turn finally to another point which has been 
mooted. Before the Society of Chemical Industry un¬ 
dertakes to do something to promote sound instruction 
and examinations in chemical technology , I should like 
to hoar precise definitions of what these are to mean. 
Our Society, I take it, is doing pretty well in 
issuing an annual report of the advance of Chemical 
Technology in the sliupe of the Journal, which costs 
many of the members both of our council and the 
publication committee no little trouble and time. 
Our Journal is an ever progressing and progressive 
course of Chemical Technology itself, nnd both as a 
standard of the knowledge required, and as a means 
of instruction, it aims at doing a grand work, in 
which all its sections and each individual may 
participate. 

DISUUSSIO.V. 

The Oiiaiuman was sure they wero all very much 
indebted to .Mr. Watson Smith for his ndmirnblo 
paper, and for bringing tho whulo subject so ably 
bolero (horn. 

Air. IfuNitv Biiunxkk : It seems to mo that this 
question of scientific and technical education is a 


very large one, more especially as for every different 
part of our country tire system of teaching, and 
certainly the direction of that teaching, cannot be 
the same. I think that science, even the most ele¬ 
mentary, to be properly taught, ought to be taught 
by scientific men, and I object very much to this 
additional work being put upon teachers, such as 
school board teachers, because they have, as a rule, 
already too many subjects to teach, and to expect 
them to take science in addition would be a great 
mistake. With regard to what Air. Watson Smith has 
said about The Victoria University and The Owens 
College, I am of opinion that they begin too young. 
A four years’ course is very good, ami ought to bo 
nmplo if a student is sufficiently well prepared when 
he conics there to profit by it, but boys are admitted 
to the college, and they may commence this four years' 
course at fourteen years of age. I think that is two 
years loo soon, and t hat they ought not to bo admitted 
before they are sixteen years of age, because I do not 
think it possible.for boys to take proper advantage of 
a comparatively severe course of scientific teaching 
at a time of life when their physical development 
requires so much care and attention. It seems 
to me we want something intermediate between our 
elementary schools and our scientific and technical 
schools such as Tho Owens College. What these 
schools are to be I do not know,* and from what littio 
1 have seen of the Blue Book containing the Report 
of the Royal Commission, there does not nppear to bo 
any suggestion for provision of schools of tho kind, 
but it appears to be contemplated that boys should 
go from board schools—by which I understand ele¬ 
mentary schools to be meant—to scientific and 
technical schools, and thence, perhaps, pass on to the 
universities. I want again to say that we are too 
anxious—or nppear to be too anxious- to turn our 
young fellows of scientific and technical training out 
into the world too soon. When a young man lias 
finished a course such as that provided by the Owens 
College, lie ought to be able at once to take up in a 
manufactory or works a position where his knowledge 
would be of use to himself and to his employers. 
But at eighteen years of age he could not be put in 
charge of workmen simply-on nccount of his youth. 
They would not listen to him. If a student finished 
his course at twenty or twenty-one it would be quito 
early enough. 

Air. C.utiiY : I (piitc agree with what my friend 
Mr. Brunner has been saying ns to tho age of the boys 
when they begin this technical education. It is too 
early to take them immediately from the schools, 
and to, for instance, Tho Owens College, without dis¬ 
tinguishing as to tiiu class in which these boys are, 
ami tho future placo they are to fill. Wo . have to 
observothc distinctions which Air. Watson Smith has 
spoken of; and which arc also spokenof in the Report of 
the Commissioners—that is, the “workman nnd fore¬ 
man” class, and the “manager nnd employer” class, 
ft is quite obvious that there would bo a very much 
wider education given in the latter case than could be 
possibly finished by a boy of Hi or 17 years of ago 
I think the remarks of the Commissioners on page 
olti, vol. i., bear out what Air. Brunner has been 
saying. They say :— 

“Thu bust preparation for technical study is a good modern 
secondary school of tiiu types of lliu .Manchester (ininunai 
School, thu Bedford Modern School, etc. Wo consider it to 
be cssuntinl that stops should bo taken to ensure that this 
work shall bo carried on with greater vigour in tho future 
than it has been hitherto. In tho schomes for tho new schools, 

Jlut 1 trust the necessity of physical training will not ho ho 
completely overlooked as it has been la our uluiuoutury school 
ay stum. 
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tho subjects of scieuco and modern languages should form a 
very prominent part. But tho existing endowments aro 
unevenly distributed. In many of the largo manufacturing 
contres no resources of tho kind exist. Private enterprise is 
clearly inadequate to do all that is required'in establishing 
such schools, and wo must look to somo public measure to 
supply this—the greatest defect of our educational system,” 
etc., etc. 

Referring to the subject generally, I would like to 
say that, with regard to Mr. Tate’s paper, I do not 
agree with all his remarks. I think Mr. Tate proposes, 
if I understand him rightly, that we should give a 
detailed technical education to workmen, and to tell 
them, for instance, how to work furnaces, an education 
which can only be carried out, I think, satisfactorily 
in the works. With regard to tho preparation for 
technical work, I agreed with Mr. Aloud at the 
last meeting, when he said something to the cllect 
that we should arrange matters so as to give a student 
a thorough scicntilic education,educating his faculties 
and then leaving the detailed technical work to the 
time when he gets into actual practical work in the 
factories. I think you cannot give a young man too 
wide an education, or one too thorough in actual 
science, but of course the direction which his scientific 
studies take must be with a view to tho future, and 
the branch of technology lie intends to pursue. T 
think it might bo useful for us, ns another text for 
our discussion, if we took tho recommendations of 
the Royal Commission, and what they suggest should 
bo done in the way of altering our present legislation 
for the purpose of improving technical education. I 
do not know whether it would be in order, sir, to 
discuss these recommendations one by one, to sec if 
we can come to any action upon them, and whether 
wo as a section are inclined to support them, or 
whether we have any suggestions to make in addition 
to the recommendations of the Commissioners, both 
with regard to elementary schools, and with regard 
to the higher education also. I do not know whether 
it would bo in order now. 

The Chairman : It is in order; and tho only 
question is whether we should come to a definite 
resolution on the subject, from this Section. I do 
not know whether it would not be desirable, after 
discussing the question, that we should not possibly 
pass some resolution, becuuso I presume if that were 
forwarded to tho proper quarter, it would bo some 
support to the recommendations of tho Commission 

Air. Cakev then proceeded to read ns follows :■ 

On pago 517, vol. i., the Commissioners say 

“ l’er tho great mass of our working population who must 
necessarily begin to earn their livelihood at an early age, 
and from whom our foremen will bo mostly selected, it is 
essential that instruction in tho rudiments of the sciences 
bearing upon industry should form a part of tho curriculum 
of the elementary schools.” 

On page 530 cl so/. of tho same volume, appear 
the general recommendations of tho Commissioners, 
many of which appear to mo to be of great import 
mice— e./j. 

“I. Ah to public elementary schools.—(«) That rudimentary 
drawing bo iucorisirated with writing as a single elementary 
subject, and that instruction in elementary drawing lie con¬ 
tinued throughout tho standards, etc. (/,) That thorn be 
only two class subjects instead of tlirce in the lower division 
of elementary schools, and that the object lessons for teaching 
olemcntarvscieuco shall include tho subject of geography. 

“II. (a) That School Boards have power to establish, 
conduct, and contribute to the maintenance of classes for 
young iiersniiH and adults (being artisansjuudertheSeienco and 
Art Department. Tlmt in localities having no School Board 
tho local authority have analogous powers/. , . . 

“ V, («) Tlmt ratepayers have power by vote to sanction tiio 
increase of the expenditure, under the Public Lilmnics Acts, 
beyond its present limit, and tlmt tho restriction of tho 
Acts to localities having 5000 inhabitants and upwards bu 
ropealed,” 


_ In addition to the recommendations which neces¬ 
sitate action on the part of tho legislature, or of the 
public authorities, thero are suggestions made for the 
consideration of those in whose power it is to comply 
with them, such as :— 

“ I. Tlmt it bo a condition by employers of young persons, 
old by the trade organisations, in the caso of industries for 
which an aquaintance with science or art is desirable, that 
such young persons requiring it receive instruction therein, 
either in schools attached to works or groups of works, or in 
such classes as may be available ; the employers and trade 
organisation, in the latter case, contributing to the mainten¬ 
ance of such classes.” 

The recommendations which 1 have read—and they 
aro only examples of many others of equal interest 
and importance made by the Commissioners—appear 
to me to give subject matter for serious consideration 
and discussion, and to be in the main recommendations 
which should be supported by our Society. 

.Mr. A. Norman Tate said that in opening the dis¬ 
cussion at the November meeting, iiis object was more 
espcciailyto call attention to the matter, with the view 
of moving a resolution that tlmt Section should ask tho 
Council to appoint a permanent-committee, to take cog¬ 
nisance of what was now being done in this country to 
further instruction and examination in chemical tech¬ 
nology,and to suggest from time to time improvements; 
and he thought the remarks tlmt hud been made that 
evening, especially those which had fallen from Air. 
Carey, showed tlmt such a course of procedure was 
desirable. He thought he might lmve been n little 
misunderstood in the remarks he had 'made at tho 
November meeting. He certainly did not think it 
was possible by any systematic course of instruction 
in schools or colleges to teach workmen or foremen, 
employers or superintendents of works, all the tech¬ 
nical details of any manufacture in which these 
persons might be engaged, but lie did think they 
might go much further tlmu at present in giving tho 
power to carry on technical work. What was required 
lirst of nil was a knowledge of facts, nnd lie thought 
it was desirable to supplement the mere lecture instruc¬ 
tion by a course which would bring out the power of 
observation to a greater degree. Air. Watson Smith 
had spoken of the work done by the several instructors 
in the Liverpool, .Manchester, and other Board 
Schools. 1 fo (Air. Tate) lmd on two or tlirce occa¬ 
sions had the pleasure of watching Air. l lewitt, Chief 
Science Instructor to tho Liverpool School Board, in 
his work of instruction in mechanics, and lie put tho 
elder hoys through a course of instruction which 
could not fail to give them (lowers of observation 
which they could nover have imparted to them by 
the study of the ordinary subjects of board school 
instruction. A hoy after passing through such a 
course, if he went into n shipbuilding yard, a builder’s 
yard, or workshop, would have implanted in his mind 
a knowledge of the principles of much of the work 
he would have afterwards to carry on. This was the 
sort of thing that they wanted carried on to a greater 
extent., Although this work was done in Liverpool, 
in.Manchester,and in Birmingham, if they took other 
towns where thero was a largo number of workmen 
engaged in trades and manufacturing operations, they 
would find that the lads there left school and went into 
tlicso manufactories without any such training, if 
a committee were appointed, ono thing that could bo 
done ■would bo to issue recommendations to school 
boards in towns in which chemical industries were 
carried on, and point out what was. dono in other 
plucos, and keep them well informed of what was 
really useful in special technological directions. Then 
when they came to special studies, ho noticed, in tho 
Bluo Book u very excellent plan of training adopted 
in certain schools on tho Continent. The older pupils 
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were occupied some portion of each day in taking 
meteorological observations. Certain of them were 
set apart to take the temperature and barometrical 
pressure, etc., registering these in a careful manner. 
Now here pupils were trained in powers of obsei ra¬ 
tion, and wlmt observations they made could be readily 
checked. This was one way in which the observing 
powers might be trained ; and there were many others 
involving the working of simple processes only. A 
youth going into a chemical works, already trained to 
take temperature, specific gravity, etc., would often 
bo more useful than the lads who now commence 
work in chemical manufactories and other industrial 
establishments. Another point to which lie would call 
attention was, how far it might be desirable to intro¬ 
duce into this country, special schools, something 
similar to the apprentice schools that are in existence 
on tlio Continent. In vol. i. page -18, of the 
Commissioners’ Report, there was a description given 
of these technical apprenticeship schools. There was 
much to be said in favour of such schools, cither as 
taking the place of some of the apprenticeships which 
were m vogue in this country, or in supplementing 
them. In many of the technological colleges there 
was a want of grouping, especially in relation to 
chemical technology. It was all very well to give 
a student a knowledge of the general facts of 
chemistry, and of chemical analysis and power 
to make chemical analyses, and do other laboratory 
work ; but there was wanted something more 
than chemical instruction, before chemistry could 
be made available for technological purposes. The 
student must have a knowledge of subsidiary 
subjects. How was it that so many of their chemical 
patents fell through I ft was simply through a want of 
knowledge of the composition of the materials used 
in carrying out chemical operations and methods of 
putting them together. Therefore in addition to the 
knowledge of chemistry it should be insisted upon as 
a matter of chemical technology, that there should be a 
thorough knowledge of the building and other mate¬ 
rials used, their quality and strength, and the manner 
in which they could be best utilised for certain 
purposes. Then again they should have a knowledge 
of mechanics and machinery. The most elaborate 
machinery might be designed and yet break down in 
chemical operations, lie therefore could not look upon 
any courso of instruction of chemical technology ns 
complete, unless the student was compelled to study 
these subsidiary matters to a considerable extent of 
detail. Ho did not think that it was altogether im¬ 
possible, in addition to ordinary laboratory work, 
that instruction in working experimental furnaces 
and other larger apparatus used in manufactories, 
might bo givon in good technical schools, and certain 
processes taught, such ns, for example, modes of using 
to best advantage fuel, etc. Industrial museums 
would, ho thought, provo highly useful, and it was to 
bo hoped that the exhibition of inventions, etc., which 
was to take place next year in London would give 
thorn a considerable amount of information. They 
might do something towards establishing, in the 
centres of industry, technical museums. A technical 
museum, in a town like Widnes, would have a very 
good ell'cct. It would show thoso who were growing 
up to enter the works what the substances used 
and products* were that, were manufactured in 
the town, and give them some idea of the geuerni 
processes by which they wore manufactured, and 
similar museums might be established throughout 
the country, it had been suggested t hat in Liverpool 
thoro should bo a museum of casts ; but at a meeting 
ho had attended, when sovernl artisans wero present, 
it was considered by them that tho money would bo 
far better spent in a museum of mechanical inventions 


and contrivances, and the different kinds of woods and 
metals used in workshops. The remarks mndc at the 
meeting he referred to showed that workmen were 
quite ready to make use of exhibitions of machinery 
and industrial appliances, and learn from them as 
much as possible. He therefore thought that museums 
of raw materials used In chemical processes, and their 
products, with illustrations of machinery and appara¬ 
tus used, would do much to further chemical .tech¬ 
nology. Then as regards prizes and scholarships, it 
might not be within the power, at present, of tho 
Council to vote funds for special prizes, etc.; but 
something might be done, he thought, with good 
results, in offering prizes for special proficiency in 
chemical technology—something after tho manner of 
the City and Guilds of London Institute. This 
Institute offers prizes of from £\ to £5, with mednls, 
etc., for proficiency in certain subjects. On tho samo 
principle it might be possible to establish scholarships. 
He considered that examinations in technology’ wero 
too much upon paper ; and they ought to have some 
better test of tho knowledge of scientific facts and 
certain general details. He thought the best exami¬ 
nations would be in seeing candidates while at work, 
either in firing a furnace or working black-ash, or 
testing the work in making some textile fabric,, and 
other really practical operations. Let the examina¬ 
tions be an actual test of the work done, and not the 
putting of certain printed questions to be answered on 
paper. He was still prepared to move that a commit¬ 
tee be appointed to take cognisance of these matters. 

The Chairman expressed a hope that some such a 
resolution as Mr. Tate had suggested would be passed. 
That Society might undoubtedly give support to any 
legislation that might bo proposed for the improve¬ 
ment of technical education, and he thought Mr. Carey 
was quite right in considering the recommendations 
which the Commissioners had made. It was clear 
that the instruction given to workmen must bo very 
different to that given to foremen and managers of 
works; but he thought it was very desirable that 
every workman engaged in chemical manufacture 
should understand something of chemistry’, and some 
idea of the substances they were treating, and tho 
behaviour of those substances, and the general 
laws which governed each. A stoker was nil tho 
better for knowing something of the laws of combus¬ 
tion. lie did not see why elementary chemistry 
should not be taught in board schools, but he 
quite agreed with Mr. Brunner that science should 
not bo taught by the ordinary school teachers. 
If they taught science at all, it ought to be taught in 
a proper manner. J fc thought the system adopted 
in Liverpool was a proper sy’stem, and ho did not see 
why they should not have somo such system at 
Widnes. The Royal Commission recommended 
that in rural schools instruction should bo given 
in tho principles of agriculture in tho upper 
standards. Ho thought a similar thing should bo 
done in a place like Widnes, and lessons given in tho 
principles of chemistry, and so with other districts. 
But tlion they’ must go to something beyond mere 
elementary instruction. Ho thought it desirable to 
have tho full course of instruction such ns was given at 
'Flic Owens College, where, so far ns lie had gathered, 
there was a most admirable curriculum. He agreed 
with Mr. Brunner that it would bo far better for 
1 boys to entor such a collcgo at the age of 1(5 and leave 
at 20, thnn to go at 14 and leave at 18. This curri¬ 
culum had beou in existence only four years, and ho 
had not tho slightest doubt after some years they 
j would bo abio to improvo upon the curriculum, but 
as far ns it lmd gone it seemed to bo a very ellieiont 
\ one. Ilo was glad to hear Mr. Watson Smith quote 
from Sir Henry Roscoe, that after being taught 
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analysis and chemical preparations, pupils should 
devote themselves to some kind of original research. 
This was most valuable. It would draw forth their 
powers of observation, and it would be the most 
useful part of their education to fit them to take part 
in chemical works. Ho was glad that Sir Henry 
Roscoo had come to the same conclusion ns he had 
himsclf.and made thcsamerecommendntion. Nothing 
os yet had been done by the Government upon the 
Report of the Royal Commission, but lie thought it 
would be very desirable and of great advantage if a 
society like that, as well as the Iron and Steel Institute 
and other societies,should press upon the Government 
the absolute necessity of taking steps to follow the 
Commissioners’ recommendations. 

itKL'LY. 

Mr. Watson Smith : I entirely agree with Mr. 
Brunner’s sentiments with regard to tho advantage of 
the educational system of tho board schools in 
diU'ercut cities and towns, diilcring and varying as to 
degree or bias, both as regards kind and amount 
taught of the elements of Applied Science according 
to tho nature of the staplo industries of tho cities 
and towns in question. 

It is certainly desirable that mere boys should 
not enter the higher colleges too young, and in an 
unprepared state; their parents and guardians are 
sometimes too eager to send them early to college 
in order to take them away again too soon. 

I quite agree with the statement that they ought to 
go later, if that means better prepared, and stay longer, 
if that means completin'! the educational course, but L 
•would like to add a word here: there are not a few 
who come not too young, but they come unprepared ; 
unschooled, in fact. If such as these stay until old age 
advances they would scarce be able to recover what 
has never been gained at school. What I see great 
cause to complain of, is that amongst certain of our 
middle classes the question of the really sound, solid 
education of boyhood and youth in the schools, accord¬ 
ing to some rational plan, is not treated with sullicicnt 
earnestness. If something of the vigour, zeal and 
determination of purpose manifested in the various 
popular school games and sports, were insisted on in 
tho mastery of even the lowcrclements of matlicm itics 
for those who are to stil ly science afterwards in our 
colleges, then we should see fewer examples of young 
men utterly unable to rise in science, because almost 
incompetent to reason numerically, not to speak of 
mathematically. It is usually a grand blunder to 
assume or suppose—as I fear is often assumed or 
supposed—that an unschooled boy can make up his 
deficiencies at college ; as a ride, he cannot; there 
are exceptions, but thru are few. This blunder is one 
that is being continually made in this country; and it 
is thosource of much perplexity to the teaching bodies 
of our higher colleges, much despair and disappoint¬ 
ment when it is well-nigh too late to mend, to tho 
student and his friends, and of most of the failure of 
the yountj chemists of this country to compete with 
those of Hermann. Nearly all tho energies and time 
of tho teachers arc consumed in tcachiii" unfledged 
birds to fly, as it wore; so that strength, time and 
opportunity are shortened for tho very few Apableof 
soaring aloft. This too usual and genernr slate of 
things explains, moreover,a point very properly called 
attention to by .Mr. Carey,—viz., that it should not be 
possible for board school boys, in a gonoral way, to 
enter at all easily, and compote, in the courses of tho 
higher colleges. In these colleges wo have not, ns in 
Germany, in the main to deal with our subjects, start¬ 
ing from a certain higher platform ; but we have to 
cope with the drawbacks and disadvantages already 


prefigured, ns far as wo are able, by exercises, tutorial- 
ising, and the like. As an example may be mentioned 
what lias already been openly styled, “chemical 
arithmetic,” the great need of which is manifested in 
the numerous excellent little books published on the 
subject, which points—not so much to the difficulty of 
elucidating the chemical theories or the chemistry of 
certain experimental operations—as it docs to an 
evident flaw in tho previous systems of elementary 
mathematical instruction in tho schools. Why, else, 
is it that such little books are never to be seen 
in Germany and Switzerland in connection with 
the universities and polytechnic schools 1 Our board 
school boys are taught to perform most of such calcu¬ 
lations (at least in Manchester) with considerable ease, 
both in the branches of mechanics and chemistry. 
However, I believe I referred to the chosen spirits of 
the board schools ; and since our lower class popula¬ 
tion is so vast, these “ chosen spirits ” may. peradven- 
turc, represent a respectable number. At The Owens 
College wo have one small scholarship available in 
chemistry—viz., tho “ Gracc-Galvert Scholarship,” 
and only that one, and this available but onco in two 
years. This is at the present moment held by a 
former board school scholar ; and I am bound 
to say he is by far the best man of his year. 
With regard to Mr. Tate’s motion in its present 
form, it seems to me both a practical and a good one; 
and I believe the reports furnished by such a com¬ 
mittee would be valuablo in a variety of ways. The 
technical practice Mr. Talc describes—in work likely 
to bo of future value.to ship-builders and similar 
workpeople—would be very well for Liverpool lads, 
just the thing for Liverpool, but the bias in Man¬ 
chester must be in another direction—viz., that of 
chemistry, for in Manchester we have cotton bleach¬ 
ing, cotton dyeing, calico printing, and general chemical 
niauufactunng, as our staple industries. However, 

I think I now see what ono of .Mr. Tate’s objections 
to the City and Guilds of London Institute programme 
refers to,—viz., the lack of laboratory trials and 
examinations in connection with the questions set. 
It must be remembered though, that these examina¬ 
tions of the City and Guilds of London arc thrown 
open free of cost to the country ; and laboratory 
or workshop testing would entail vast expenses. 
Besides, if tho theoretical side of llio question is so 
crisped os to enable the eindidates to pass these 
examinations, .wo need not complain ; there is a life¬ 
time to follow for utilising the theory in practice. 
With regard to tho matter of what is termed “group¬ 
ing;" this is done ns I have already described in my 
paper; but it is done in subservience, as I hold it 
should be, with the student at college, to tho main 
thing,—viz., the grounding and foundation in scientific 
principles. I believe the subject of strength of 
materials, and so on, is touched upon in the Geometri¬ 
cal Drawing lectures in our College; and as regards the 
further one of tho chemical technology of building 
materials, mortars and cements, etc., this would bo all 
very good for the practical engineer. However, our 
course of Chemical Technology in The Owens College 
is growing yet, and wo havo youth on our side, for our 
course was but founded in 1881. As to testing by ex¬ 
aminations in technology taken in tho narrower sense, 
such, c.i/., ns examining a man on soda making, and then 
setting him to ninko a black-ash ball, ipul watching him 
do it, thcro I differ with Mr. Tate. Where tho examina¬ 
tion elicits evidonco of general grasp and knowledge 
of scientific principles, there I follow ; but.whero the 
mere manipulative skill, or tho more specialised 
dotails, besides conscientious .working and moral 
principle, are concerned, thero 1. am sure we cannot 
intrude. As regards alkali making, moreover, in 
which thero are no special secrets, even such limiupu- 
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lativo com petitions might be conceived possiblo ; but 
take another branch, that of dyeing, or of the manu¬ 
facture of dyes and colours, and there, I imagine, 
there would he a dilliculty, for no dye house or dye 
and colour factory, that 1 know of, would permit.such 
ft thing ; and for a workman to enter into such com¬ 
petition would be regarded probably with snflicient 
suspicion by his employers as to secure for him the 
wide world to hunt in for a new post in which to 
exert his prowess. In answer to remarks by Mr. Alex. 
Watt, I no certainly consider that there is scientific 
principle involved in thcmnkingorinnimfacturiiig with 
certain regard to economics, and as both logic and 
political economy arc scientific branches, so thcccommi- 
ies of the manufacturing industries admit of scientific 
treatment. Such trcntiucnlis absolutely necessary, and 
I do not overlook its principles, by any means, in my 
teaching. Without bestowing some attention to these, 
how could one else elucidate the mysteries of the 
occasional practical reversal of the terms “chief pro¬ 
ducts ” and “ by-products.” In science, the key-note 
is,so to say, “truth for its own sakein technology, it 
modulates into “ truth for the largest amount of 
tangible profit it can be made to yield.” I fenr that 
if the group of possible technical subjects were swelled 
by too many reinforcements, then chemical technology, 
as a study, would rise from being the handmaid of 
science for the student, to the position of the tyrant; 
and lliegraspof scicntilic truths, and the march in the 
right path of acipiirement of fundamental truth and 
laws, would he weakened and hindered by excess of 
technicalities, which could all he gained and learned 
in the life and practice of the future, when, however, 
the time for studying and lenrningseicntific principles 
has lied, i think I read in the extract from the 
Report of the Royal Commissioners that the teaching 
of science in the board schools is not mainly delegated 
to the board school teachers; it is not so in Liverpool, 
Manchester or liirminghnm ; but these teachers hear 
the teaching of the chief instructor, mid then help the 
pupils, in wiiat they, ns older and more experienced 
persons, have learnt and understood to better purpose 
than the children, their pupils have. 

J am not sure if stress has been laid by the Royal 
Commissioners on the technological bias, if I may use 
the term, to be observed in ilificrciit industrial dis¬ 
tricts ; but from their report it is clear that this has 
followed ns a natural consequence in Liverpool, Man¬ 
chester and Jiirmingliam. No doubt such data as 
these could be usefully collected and applied by a 
coinmitteo appointed by our Council, such as that 
proposed ami under consideration. 

It was then moved by Mr. Tate : “That this Section 
recommend the Council to appoint a Committee for 
the purpose of considering the subject of Technical 
Instruction, and taking such steps us may lie deemed 
advisable to promote more of such instruction in this 
country, especially as applied to Chemical Industry.” 

Mr. Caiiky seconded, and the motion was carried 
unanimously. 
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Medina Ac/tZ Tuesday, January 20, JSSo. 


Jill. 1IKW1TT IX Till: CHAIR. 


Tub Chairman : Words fail to express the feelings 
of all who have been placed in a similar position to 
that which Sir Henry and Lady Roscoc have so 
recently been called upon to endure, in tho very 
sudden decease of one in whom their hopes were 
centred; and as I am sure there arc many present 
who have realised those feelings, it will not require 
any lengthy explanation on my part in asking you to 
pass a vote of sincere condolence and sympathy with 
Sir J lenry and his family, in the loss which they have 
sustained in the death of their son. I had not tho 
pleasure of knowing Sir Henry’s son, but J. mu 
informed that lie promised to attain distinction in a 
somewhat difierent sphere from that in which his 
eminent father has become so well known, and that 
lie has been cut oil' in the springtime of life and pro¬ 
mise, adds bitterness to this deep bereavement. I 
will, without further comment, move the following 
resolution :—“This meeting desires to express sincere 
condolence and sympathy with Sir Henry and Lady 
Roscoc and their family in tho sail bereavement they 
have sustained in the loss of an only son and 
brother.” 

Mr. W.m. Thomson, in seconding the vote of con¬ 
dolence, said : After attending the meeting of tho 
liritish Association a few months ago in Canada, I 
saw Sir Henry’s son at the Falls of Niagara, when ho 
seemed to be in the enjoyment of robust health, and 
of tho wonderful Falls, in tho vicinity of which ho 
remained during several days. I understand it was 
not his intention to follow in tho footsteps of his 
father ns a man of science, but in another direction 
he had already shown marked ability in a series. of 
very cleverly written articles which appeared during 
last autumn -in one of our Manchester newspapers, 
entitled, “Jottings from America,” and which many 
of us must have read with pleasure. The loss which 
.Sir Henry and Lady Roscoc have sustained by tlio 
untimely death of their only son, when he was about 
to enter on a career of the highest promise, is ono 
with which we must all deeply sympathise. 

The Chairman called attention to tho “Rivors 
Pollution Rill” which had been introduced into 
Parliament, and'.which lias come before tho London 
Section, and said : It is hoped that the members of 
the Manchester Section will prepare themselves by 
obtaining all the information they can that will throw 
any light upon tho matter, so that it "may ho lully 
discussed. It is a matter which will alfcct every 
manufacturer, and although of a practical nature, it 
is ft subject upon which .scientific knowledge must lie 
brought to bear. I think it is the intention of tho 
Committee to put it upon the notice panel- for the 
next meeting, and any facts that can be adduced will 
lie of the utmost importance. Thoro is no doubt that 
this Society, consisting as it does of practical men, 
will havo to make in its joint capacity some important 
reports to the Government on the matter. I need 
not say that any ono who wants information upon tho 
subject can find it in tho voluminous reports which 
havo been mado to Parliament in former years. Somo 
of tho proposed tests of purity which were brought 
before the Rivers Pollution Commission on former 
occasions, and which proved to ho impracticable, nro 
again being introduced just as if no inquiry had been 
mado. 1 hope that all who can will make somo con¬ 
tribution to the subject, not merely for the sako of 
opposition, but for the purpose ol showing whether it 
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is possible, without interfering with trade or manu¬ 
facture, to render our rivers more sightly and purer 
than they are at present. 

Dr. Rott’s Paper on “ Hampel's Methods of Gas 
Analysis,” and Prof. Wanklyn’s Communication will 
appear in the March number. 
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Next meeting, March 5.—1. On the Proposed Statue to 
Nicholas Leblanc : 2. On tho Recovery of Sulphur from Alkali 
Waste; J. On a Furnace for Chemical Operations which ia 
neither an Open Furnace nor a Close Furimco; ami I. On the 
Manufacture of Chloriuo from Oxychloride of Magnesium. 
IJ.v Walter Weldon, F.ILS. 

Meeting held , February 12, ISSo, in lhe Lecture 'Theatre 
of the Durham College of Science. 

MIL J»*. S. l’KOCTOR IN TIIK CHAIR. 

DISCUSSION ON THE"NOTES READ AT 
LAST MEETING. 

Mu. Monnisox wished Dr. Lunge lmd stated the size 
of the pieces of metal operated on in studying the 
action of cldoratcs on them, and how their surface 
was determined. In multiplying the results to the 
actual size of the evaporating pans, any error would 
of course be greatly increased. 

Air. Tatters expressed his agreement with what 
Air. Alorrison had said. 

Air. Stuart thought that Dr. Lunge’s well-known 
accuracy and skill might be relied on.to avoid error 
wherever it was possible. It was, however, very 
difficult to imitate exactly tho conditions of manu¬ 
facturing operations in laboratory experiments. As 
a matter of fact, it was known that tho pans suffered 
very little in practice. 

Dr. Smith mentioned that in some very similar 
experiments which lie had conducted in Dr. Lunge’s 
laboratory, nieces of metnl were used exposing a 
surface of about 20 square cm., nml were accurately 
measured by a skilled mechanic.' 

—— 

DISCUSSION ON THE “RIVERS POLLUTION 
RILL." 

Tun Chairman - , in introducing the matter, regretted 
the unavoidable absence of tho Chairman of tho 
section, who would have spoken with authority on 
tho matter. Ho called attention to Cliiuso 20,and to 
the popalty in Clause 9, which he said applied to 
every household drain ; and also to tho loose wording 
of Clause 9, which mado it appear that to escape 
prosecution under tho Act, liquids must contain more 
than tho quantities of tho various contaminations 
mentioned. Tlieso wore evidences of want of caro in 
drawing up tho Rill, and in dealing with a subject of 
so great importance, the greatest care was necessary. 
Ho thou called on 

Air. John Paxtinson, who said : Tho “ Rivers 


Pollution Bill,” which will probably be introduced 
into Parliament during the next session, and which 
we arc called upon to discuss this evening, is a 
measure intended to supersede the Rivers Pollution 
Act of 1870, which has been comparatively a dead 
letter since its enactment. The present Rill is 
intended to remedy some of the defects of tho 1870 
Act as to methods of procedure, and also as to the 
definition of what in certain eases constitutes an 
ollencc under the Act. These defects have been 
described by Mr. (J. N. Cresswell, in opening the dis¬ 
cussion on this subject at the meeting of the London 
Section of this Society on the fith of January last. 
Divested as far as possible of its legal verbiage, the 
scope and aim of tho proposed Act appear to be as 
follows : In Clause 2 arc defined what arc to be con¬ 
sidered as offences against the Act. In the first place 
it is an olfcncc to put into n stream any solid matter 
so ns to interfere with the due llow of the stream or 
alter its bed or pollute its waters, or to put in nny 
solid matter which is putrid, poisonous, offensive or 
injurious to animal life. Secondly, it is an offence to 
put liquid or solid sewage matter into nny stream: 
and thirdly, it is an ollencc to put into nny stream 
any liquid containing matter poisonous, noxious, 
nolluting, or injurious to animal life. In Clause 9 the 
Rjll defines tiio term “stream” to mean tlmt it 
“ includes nil rivers, whether tidal or otherwise, 
brooks, navigable canals, lakes and watercourses, 
except such parts of a tidal river as the Local Govern¬ 
ment Board may by order, published in the London 
Gazette, after local' inquiry, determine on sanitary 
grounds not to be part of a river. It shall also 
include so much of the sea as the Local Govern¬ 
ment Hoard may by like order, and on the like ground, 
declare to bo part of a stream." Having defined the 
olfenccs under tho Rill, it provides in Clause f» that on 
the complaint of any conservancy authority or fishing 
board of the district, or of any occupier of land or a 
dwelling-house within tho district, the sanitary 
authority of the district shall institute proceedings 
to restrain the commission of offences against tho 
Act. If the sanitary authority refuses to institute 
such proceedings, or does not prosecute them with duo 
diligence, thocomplainers may apply to the county 
court of the district for leave to institute proceedings 
themselves, and to prosecute them at the cost of the 
sanitary authority. Proceedings may also bo insti¬ 
tuted by any person who may- consider himself 
aggrieved by the commission of offences against tho 
Act. In the latter case it is provided that tho Court 
may order tho person who institutes the proceedings 
to givo security for the costs of such proceedings. 
Persons of the latter class are further encouraged to 
institute proceedings against alleged offenders by 
clauso 9, which provides that the offender “shall pay 
to the person complaining, or to such other norson ns 
the court mny direct, such sum not exceeding fifty 
pounds a day .for every day during which ho is in 
default as the court mny order.” In caso of proceed¬ 
ings being instituted for nny alleged ollencc ngninst 
the Act, Clause 9 provides that the county court may 
by summary order require any person to abstain from 
the commission of such offence, and “ may direct nny 
skilled jiursons to report as to the best means to bo 
adopted for preventing any pollution, and may make 
the adoption of such menus by tho porson who lias 
committed the ollencc part of its order : provided 
j always that tho court shall not sanction the adoption 
of any mode or means of action for prevention of 
pollution that does not reduce the polluting matter 
to a less extent than is defined by the standards of 
purity ” given in Clause 9. It is not very clearly so 
stated in any part of tho Rill, but L think tho inference 
. may bo fuirly drawn that no liquids of nny kind are 
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to bo allowed to be put into a stream which are less 
pure than the standards given in Clause 0. The stan¬ 
dards of purity arc those recommended by the late 
Royal Commission on the Pollution of Rivers. Some 
of these in my opinion are too lax and some are too 
rigid and exacting, Clause 4 gives the right to 
either party in an action to appeal against the 
decision of the county court, and Clause (i gives 
the right to apply to the Local Government 
Board for an extension of the time allowed for 
adopting methods for the remedying of pollution. 
Such is a brief description of the principal features of 
this Bill. It will be seen that it is a very sweeping 
and stringent measure, and that, if pnssed in its 
present condition, it is likely to press very seriously 
not only upon many manufacturers, but even upon 
householders of every class. According to Clause 8, 
every person who sends sewage matter through his 
house-drain into a sewer, and from thence into a 
stream would bo infringing the Act, and would bo 
liable to a penalty of fifty pounds, and ten pounds a 
day for every day he thus uses his drain, if it has been 
made since 1870, and if the stream is notsuch part of 
a tidal river as “ the Local Government Board may 
determine on sanitary grounds not to be part of a 
river.” Surely this is far too stringent a clause to be 
placed at present on our statute book. The induce¬ 
ments held out by the 3rd and nth Clauses are likely 
to cause litigious and needy persons to commence 
harassing legal proceedings against manufacturers 
and others, and this seems to me to be an objection¬ 
able feature of the Bill. The proposed Bill, il passed, 
would press most disastrously on many owners of 
mines, and on many manufacturers. To comply with 
its requirements, owners of mines and collieries would 
have to provide,, in many cases at great cost, 
subsidence tanks and subsidence reservoirs. To 
enforce such a measure in the present condition of 
mining and manufacturing would in many cases bo 
tantamount to closing the mines or manufactories 
altogether. I have had much experience in the 
methods of dealing with the waste waters of paper 
works, and am well acquainted with the degree of 
purity which can be attained in theso waters by the 
application of the best practicable mean's. 1 have no 
hesitation in saying that if the standard of purity 
given in Clause 9 it of this Bill were insisted upon in 
the case of these out-flow waters, and if the penalties 
wercenfurccd, no paper null could continue to exist. 
In many other cases there arc slight and sometimes 
considerable discharges of comparatively innocuous 
matter from manufactories, in which it would be very 
diflicult, if not impossible, to comply with the 
requirements of this Bill. A boiler could not even 
be sludged out direct into a stream without incurring 
tho severe penalties of this proposed Kill. On the 
other, hand, some of the standards of purity 
are far too lax. Standards k and i arc of this 
character. To allow liquids possessing an acidity 
equal to that which is produced by adding two 
parts by weight of real muriatic acid to one thousand 
parts by weight of distilled water, or possessing an 
alkalinity equal to that produced by adding one part 
by weight ol dry caustic soda to one thousand parts 
ol distilled water, is to allow the admission of liquids 
which would causo certain and immediate death to 
all animals which might come within their influence. 
I havo prepared solutions of hydrochloric acid and 
caustic soda of the prescribed strengths, and the 
members of the Section will havo an opportunity of 
noticing how very much stronger these are than any 
liquids should be which arc allowed to be run into a 
stream under most circumstances. Thu great fault 
of the Bill, in my opinion, is its rigid and unyielding 
character. It makes no allowance for tho varying 


conditions of the towns, and the varying character of 
the manufactures, and the streams with which it has 
to deal. It appears to me that the courts which 
have to adjudicate on alleged cases of pollution should 
not be bound down by the rigid conditions and stan¬ 
dards of purity of this Bill, but that they should 
have the power of dealing with each case on its 
merits, and of insisting upon the adoption of the 
best known practicable means of preventing pollu¬ 
tion. It is incumbent on every one likely to be 
prejudicially affected by this proposed measure to 
endeavour to get it modified before it passes into 
law, and I think the various sections of the Society 
of Chemical Industry are acting wisely in calling 
attention to the matter. I beg to move the following 
resolution:—“That this meeting of the Newcastle 
Section of the Society of Chemical Industry, being of 
opinion that the proposed ‘Rivers Pollution Bill’is 
inadequate to the objects of its promoters, and 
injurious to the interests of manufacturers, recom¬ 
mends its early consideration by the Council of the 
Socioty, with a view to such action on its part as tho 
interests of Industrial Chemistry may require.” 

Mr. T. \V. Stuart : I have great plcasuro in 
seconding the resolution. The Bill will press very 
hardly on manufacturers and mine-owners. The 
standards of purity aro such as in many instances 
cannot be worked up to. 

Mr. John' Mouiuson : What has struck me most is 
Mr. Crookes’ proposal, mentioned by Mr. Cresswell, 
that each river.should form its own standard of 
purity; thnt seems to me to be the best form tho 
measure could take. 

The resolution was then put to the meeting, and 
carried unanimously. 


TBitmingijam ano ^iDlanti Section. 

Chairman: Alexander M. Chance. 
Vice-Chairman: \V. A. Tildcn. 

Committee: 

G. S. Albright. C. O'Sullivan. 

Horace T. Urown. L. Pcrclval. 

G. S. CasBon. It. Peyton. 

.1. F. Chance. .1.11. Player. 

K. C. Clayton. C. T. Ityuer. 

I,. Deniulh. G. Shaw. 

G. Gore. W. Southall. 

It. Jlcutlillcld. W. A. Wiggle. 

lion. Treasurer: Charles limit. 

Local Secretary: > 

A. Rostock Hill, II, Temple Street. Rlrmingham. 
Notices of gapers amt communications for the meetings to 
ho scut to the local Secretary. 

©lasgoU) ano axHest of %cotlanD • 
Section. 

Chairman: K<1. C. C. Stanford. 
Vice-chairman: J. Ferguson. 

Committee: 

George ltcilby. K. J. Mills, 

A. Crum Ifrown. James Napier, jun. 

T. Carnclloy. T. i,. Patterson. 

.1. Christie. .1. R. Headman. 

John Clark. Kdmuml Ronalds. 

W. Ritlmar. F. J. Rowan. 

Geo. M'Roberts. R. U. Tntlock. 

Jus, Mueleur. William Wallaco, 

lion. Treasurer: 

J. J. Coleman, 15, West Nile Street, Glasgow. 

Local Secretary: 

G. G. Henderson, Chemical Laboratory, 
University of Glasgow. 

Notlcos of papers ami communlcnlloiiBfor the Mcetlngslobu 

sent to the local Secretary. 

A Meeting of (his Section will bo held in thy Rooms, 2U7, 
Rath Street, on Tuesday, 3rd March, at 8 o’clock t'.M., when 
Mr. James Mmrlo will read the following papers:--!!.) "On tho 
Processes employed la Italy for tho extraction of Oils, etc., 
from bituminous rocks In that country." " Description of 
a series of Now or Improved Thermometers fur taking High 
Tompornturoa;" 
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A meeting of this Section mis held in the Jiooms , SOT, 
Hath Street, on Tuesday, Aril February, ISSii. 


MJ[. K. C. C. STANFORD IX THE CHAU:. 


ON BROMINE ABSORPTIONS. 

liY EDMUND .1. MILES, D.SC'., E.It.S. ; AND 
JAMES MUTKK. 

In two previous communications to this Society 
(Journal 188U, -135 ; ami 188-1, 3(!(i), a senes of con¬ 
stants of Broininc Absorption has been tabulated 
for a variety of oils and fats, in the present 
paper wo give results for most of the important, 
resins, for a few elements, and some interesting 
bodies of a dill'cmit nature. 

Throughout our work wo have felt no personal 
ill effect's arise from a few days’ use of carbonic 
disulphide; accordingly wc have employed it or 
carbon tetrachloride indillcrently, as happened to 
bo convenient; it being probable from certain ex¬ 
periments that, when small ouantitics of substance 
arc taken, the absorption is almost always the same 
in either solvent. We linve, however, indicated in 
all cases which solvent has been employed. 

As regards resinous bodies, wc. found it best to 
proceed as follows :—The finely-powdered resin was 
placed overnight (together with the usual 50cc. of 
solvent) in the colorimetric bottles, and the next 
morning tho bromine absorption was carried out. 
Sometimes /3-naphthol was used for “ titrating back 
more particularly—ns in the case of pale resins— 
when the bromino derivatives lmd but little tint. 
Sometimes the operation was finished with hypo¬ 
sulphite (thiosulphate) and dceinormal iodine, and 
sometimes the purely colorimetric comparison alone 
was employed. Except where otherwise stated, all 
the results are means of at least three dcteiminn- 
tions. 

The letters S. and L. indicate that disulphide or 
tetrachloride was used respectively. The letters N., 
II. and C. indicate that the absorption was finally, 
measured by f.'-naphthol, hyposulphite or simple 
colorimetry. In nearly all cases the tiino of contact 
with bromine did not exceed an hour. 

The names marked (*) represent commercial varieties 
of dragon’s blood. 

It will be observed that our experiments are di¬ 
vided into three groups, relating to (1 to l-i) varnish 
resins, (In to 3-1) tinctorial resins, (3D to 38) elements, 
(39, -10) oils. 

The following substances gave no absorption in 
tetrachloride:—Benzoic,cinnamic,and salicylic acids ; 
camphor, naphthalene and bcnzaldchyde. 

The results with anthracene in tetrachloride were 
very peculiar. At 11° (J., and with very cautious 
addition of standard bromine, the absorption was 
88 07 per cent.; corresponding well with the ratio, 
Cull in : Hr- (89'89 per cent.). At'about 17°, tho 
reaction was violent; much hydrobromic acid came 
oil', and the absorption was 175 33 per cent., corres¬ 
ponding approximately with tho ratio Ciillj„l’r 4 . 
(179'78 per cent,). 

Some interesting features are noticeable in tho 
tabulated results. Thus, the extraordinarily low 
absorption of shellac gives it a uuifjuc position 
among resinpus bodies; and gum amber is dis¬ 
tinctly below all other substances of its class. 
“Boiling” makes a measurable difference in copal ; 
from which, again, kauri differs grcafly. As a rule, 


but not invariably, tho more soluble a gum resin, 
the greater is its bromino absorption. 

For samples of all the tinctorial resins, excepting 
gamboge, we were indebted to Messrs. Dobbic and 
Henderson, who were at that time themselves in¬ 
vestigating them from another point of view. Our 
bromine absorptions nmply support their conclusion 
(/‘harm. Jonrtt., Nov. 10, 1883), that the term 
“dragon’s blood” represents several fundamentally 
distinct resins. Tho same may be certainly said of tho 
xanthorrhcca resins. 

As Vegards elementary bodies, it is remarkable 
that tin dust will not take up bromine in presence 
of carbon tetrachloride. Tho absorptions for com¬ 
mercial arsenic and aluminium are very peculiar, 
and would well repay further examination. Zinc 
dust takes up bromino in the proportion Zn : Br a 
(calculating 2-1'05 per cent, for pure zinc) ; and 
antimony in the proportion Sb : Br 3 (calculatin'' 
•-’00 00 per cent, for pure antimony, our commercial 
sample apparently containing about six percent, of 
impurities). 

Aniline and Toluidine.—The great technical im¬ 
portance of these amines has induced us to devote 
special attention to them. It has already been 
shown (loc. cit., 1883), that aniline, dissolved in 
carbon disulphide, absorbs bromine in the ratio 
CJRN :Br* It is probable, in this case, as in that 
of the toluidincs, that “additive” and not “substi¬ 
tution” compounds are, formed. Our experiments 
with the toluidincs relate to ortho- and pnrn- 
toiuidine only. Aniline oils contain very little 
meta-toluidine. 

I'ara-toluidine .—This is tho solid modification. 
The specimen had been prepared by one of us for 
a research on melting-point, and could be completely 
depended upon. Taking disulphide for the solvent, 
a standard solution of bromine, containing 'OllDgrm. 
in lcc., and a weak standard solution ol toluidine 
(in order to save repeated weighings), wc found tho 
results very it regular, and on the whole much too 
low, when quantities exceeding '0-lgrm. were em¬ 
ployed. With that amount mid under, the mean of 
three experiments gave an absorption of 74'J7 per 
cent., with a probable error .of ’18. This is in ac¬ 
cordance with the ratio 2CYU S N : Biv, which requires 
7-T77 per cent. We also made a series of experi¬ 
ments with tetrachloride as the solvent, varying the 
strength of tho standard biomine from '0093grm. 
to '0032grm. per ce., and the weight of toluidine 
from "Olgrin. to '03grm. The menu of five absorp¬ 
tions was 81'03, with a probable error of '-12. The 
chemical activity of para-toluidine in carbon disul¬ 
phide is clearly less than in the tetrachloride ; in tho 
latter solvcift, larger quantities tlmn '03grm. always 
seem to yield yellow by-products. It is evident that 
in this case the disulphide is a more advantageous 
solvent for analytical purposes. 

Orlho-toluidinc .—For this liquid modification wo 
took '020grm. toluidine, disulphide ns the solvent, 
and standard bromino containing '0(M83grm. in lcc. 
The mean of six experiments gave an absorption 
of 151 '3-1 per cent., with a probablo error of '03. 
’The ratio, C-I LN: Brs, requires 119'53 per cent. 
Our specimen, obtained from Kahlbaum, may pos¬ 
sibly havo contained a little aniline; but the 
dill'ercnce from theory is only about 1'2 per cent, 
on the percentage. The chemical dill'ercnce between 
ortho- and para-toluidine is very striking. 

Mixtures of Aniline, with I'ara-tutuidine .—If the 
bromino absorption of a mixture of aniline with 
toluidine bo known, tho composition of tho mixture 
admits of ready calculation. Thu quantities of 
mixture which wo took, were '02 or '025gin., tho 
solvent being disulphide. Each result is a single 
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Vo. 

SUIWTANCE. 

AlWOltlTlON. 

Rem auks. 

1 

Shellac blenched. 

101 

s.x. 

Chiefly Insoluble. 

o 

Shellac. 

.5-21 

S. X. 

Chiefly Insoluble. 

3 

Gum Benzoin . 

33*90 

S. X. 

Tartly soluble. Some liydrlebromide bI veil oil". 

i 

Amber. 

53*53 

S. c. 

Partly soluble. Some liydrle bromide. 

5 

Aniiild .. 

GO-22 

S. X. 

Partly soluble. Much bydrlo bromide. 

G 

Gamboge . 

71*55 

s.x. 

ChlcMy soluble. ATucli liyiltlc bromide. 

7 

Copal, reduced to 3 by boiling. 

81-32 

s.x. 

Partly soluble. Much liydrie bromide. 

1 S 

Copal. 

89-93 

S.X. 

As above. 

9 

Sandarac . 

90-12 

S. X. 

Partly soluble. Very much liydrle bromide. 

10 

Kami . 

108-22 

S. X. 

l’nrlly soluble. Some liydrle bromide. 

11 

Thus. 

108-51 

L. X. 

Chiefly soluble. Very little liydrie bromide. 

12 

Dammar. 

117-91 

S. X. 

Wholly soluble. Much liydrle bromide. 

13 

Klein i . 

122*23 

s.x. 

Wholly soluble. Very much liydrle bromide. 

11 

MnBtlc. 

121-33 

S. X. 

Partly soluble. Mueli bydrlc bromide. 

15 

Xanthorrhcca, New Holland . 

7T1 

L. 11. 

SIlKhtly soluble. 

1G 

Xunthorrheen . 

S-33 

I,. II. 

Insoluble. 

17 

'Calamus . 

8717 

li. 11. 

Insolublo. 

18 

X. lmstllis (Brass tree), Queensland 

Dll 

r.. li. 

Tnrtlnlly soluble. 

11) 

Xanthorrhiua, Australia . 

10-35 

L. 11. 

Tartly soluble. A little liydrle bromide. 

20 

*C„ l’mijatih. 

10-15 

I,. H. 

Insoluble. 

21 

"C., ICow. 


B. H. 

Insoluble. 

oo 

•Draccuna Cinnaharl, Socotra. 


D. 11. 

Insoluble. 

23 

X. hast His, Australia . 

15-G3 

li. H. 

Insoluble. 


•C. draco, Bombay . 

2201 

1,. H. 

Insoluble. 

1 

X, lmstllis, Tasmania . 

3071 

li. H. 

Insoluble. 


X. lmstllis, Sydnoy . 

33-25 

Ji. X. 



) X. 1’rclsll (Black Bay Bum), \V. > 

( Australia .j 

3G-93 

I,.11. 

Insoluble. 

28 

C. draco, I7ow . 

55*21 

1.. H. 

Insoluble. Tartly bleached by bromine. 

29 

'Sumatra . 

50*39 

L. 11. 

Partly soluble. Partly blenched. 

30 

*C. draco, Singapore . 

73-81 

L. H. 

Tartly bleached. 

31 

'Calamus, Jlcnlcr SCo. 

71-58 

Ji. H. 


32 

'Dutch 1C. Indies . 

81-59 

li. 11. 

Insolublo: bleached. 

33 

'Sumatra . 

SI-87 

L. II. 

Tartly soluble. Partly blouehcd. 

31 

Tin. 

000 

li. C. 

Xo absorption hi twelve hours. 

33 

Arsenic . 

2-85 

D. 11. 

Twolvo hours* nbsorpllon. 

30 

Aluminium . 

3-97 

U X. 

Ono hour's absorption. 

37 

Zinc . 

22-17 

Ji. X. 

Twolvo hours’ absorption. 

38 

Antimony . 

187-73 

s. c. 

Nlnctcon hours' absorption. 

39 

Sunllou-oi- oil . 

51-15 

li. S. C. X. (1881). Sp. gr. -9215. 

10 

Haddock liver oil . 

109-81 

s. a. 

(1SSI). 
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determination, carried out coloriinctricajly, except 
in the last ease, where we give the mean of three 
experiments :— 


Taken. 

Found. 

liromiur. 

. 

Aniline. 

Tohihlinc. 

Aniline. 

Toluidine. 

Per cent. 

l*er cent. 

\ Per cent. 

Per cent. 

Per cent. 

25 

75 

2PGG 

76-31 

as-oo 

10 

CO 

J5TS 

51*02 

11000 

30 

50 

IS-37 

51-03 

121-90 

00 

to 

cm 

3S-E0 

13f32 

75 

25 

72-00 

27-01 

111-90 

00 

to 

SS‘05 

i 

1103 

101-32 


The probable error per cent, of a single com¬ 
parison of theory with experiment is, for either 
amine, 1'93; fora mean of three determinations 
(which we always recommend to be made), fit. 
There has apparently been some experimental slip 
in the work on 40 to (iO per cents., and we have 
excluded it from the calculation. With ten pol¬ 
ecat. only of aniline, we have never been able to 
obtain satisfactory results. In such a case we should 
advise distilling oft'rather more than the aniline, and 
analysing the distillate and residue separately. As 
regards the analysis of mixtures of aniline and the two 
toluidines, all that is now required to complete the 
solution of the problem is a knowledge of the 
amount of some other element or compound with 
which these bodies combine. One of us is at present 
engaged with the investigation. 

We wish to express our thanks to Messrs. A kilt 
and Ellis, who have given us very valuable assistance 
in the course of our work. 

—— 

THE PltOFOSED RIVERS POLLUTION RILL. 

Mu. E. C. C. Stanford said : before I call on 
Professor Mills to open this discussion, perhaps 
1 ought to explain that the Council of the Society 
has communicated with us, and recommended that 
we should devote an evening to the consideration 
of this extremely important subject. There seems to 
be a pretty general consensus of opinion that the 
proposed Rill is so stringent that it is likely to defeat 
its own objects. 

The Loudon Section has already held a long meeting 
for the discussion of this question, ancl has passed a 
very important resolution condemning it out ami out. 

1 shall say no more at this stage, because I know 
that tlie great standards of purity, referred to in this 
Rill, will be brought before you by one of the most 
able authorities on this subject—namely, Professor 
Mills. 

Professor Mills, in opening the discussion, said : 
In the November number of the Society’s Journal 
(1884), tho attention of the Sections has been called 
to a “Rivers Pollution Rill,” prepared and brought in 
in November last. Tho Council of our own Section 
arranged tlmt the Rill should be considered to-dny, 
and it lias fallen to my lot to open tho discussion. 

In tho first place, I think we must all have noticed 
from time to time tho growing interest taken bv tho 
public generally in sanitary matters. Part of this is 
doubtless duo to tho now well-established connection 
between disease aud certain insanitary conditions ; 
part to tho ceaseless lawsuits between manufacturers 


and landed proprietors ; and part to tho undoubted 
success of the Alkali Act. Anyone who watched the 
state of tho popular mind during the recent outbreak 
of cholera, must have noticed how much more intelli¬ 
gent it has become of late years ; and wo cannot be 
surprised that the framers of this Act should have 
' supposed tlmt the time was ripe for legislation. 

! The scope of the Act is very wide. It extends to all 
| inland waters having a current, to canals, nnd even to 
[ estuaries : all these it forbids to be polluted by sewage 
or by eflluents from manufactories of whatever kind, 
j and the net of the penal clauses has been made eapa- 
i cious enough to enclose contributories to a pollution, 
even if their contributions have been in themselves 
i perfectly harmless. 

j Up to the present time we have succeeded in 
l devising processes for precipitating colouring and 
| other matters, in removing chromates and arsenic, 
in preventing too great an acidity or alkalinity of an 
! diluent, and so on. Tar is .seldom or never at present 
l a source of pollution, and a great deal of greasy 
j matter and spent sdap arc now recovered. This shows 
tis what may be done, and that in a large number of 
cases manufacturers have nothing to fear. On the 
other hand, they have much to hope; because areally 
eilicicnt Act, applied to all alike, would improve tho 
I water supply for every one of them. 

J ^ Following the pattern of the Alkali Act, this Act 
purposes to set up standards representing limits of 
pollution. It is ipiitc clear that the principle of 
standards must necessarily be applied in any Act 
really worth having. Every one in fact in his daily 
purchases, ami other social transactions, sets tip moro 
or less consciously n large variety of standards of 
value. We do not eat butter perceptibly rancid, or 
drink milk tlmt is obviously sour. It is the business 
of sanitary science to lay down the precise boundaries, 
which in no case we should be allowed to overstep. 

The numerical standards of the- Act are the 
.standards of the late Rivers Pollution Commission. 
Taking them as a whole, my impression is that they 
are extremely liberal. There is little, if any, ground 
of complaint in restricting an diluent to (<:) be colour¬ 
less in a layer one inch thick ; (</) to contain less than 
two parts dissolved per 100,000 of any mctnl except 
calcium, magnesium, potassium,.sodium ; (t) less than 
"05 of metallic arsenic in combination or otherwise; 
one part uf (<j) sulphur as sulphide ; or (/•) less than 
•05 part of hydrocarbon oil. Probably most of tho 
differences of opinion would have reference to the 
i-emniningstiiiidards. These 1 will now consider. 

(a) The dry oii/miii: mutter is not to exceed one part 
in one hundred thousand. 'This standard is, in my 
opinion, insufficiently defined. It presumably means 
loss on ignition after drying at 100°. Rut that loss 
is certainly not all organic matter. J t would he better 
to use the term “ loss on ignition of the dry solid 
residue,” nnd state exactly by what method the loss 
should bo determined. 

(/.>) Ortjunie. carbon and nitrofien. The former is 
defined by the Rivers Pollution Commissioners to be 
“carbon contained in the organic matter” of a water. 
Tho proposed Act limits its amount to two parts. It 
j need hardly ho said that no volatile water ever contains 
this enormous amount. The limit, in fact, suggested 
for this by the Commissioners wns only 0'2 part. 

Thu method of determining organic carbon proposed 
by Frnnklund is, undoubtedly, not of the simplest 
character. It requires tho evaporation of tho water 
under specially maintained conditions, tho combustion 
of tho residue in a vacuum, and an analysis of the 
gases thereafter collected. A good deal of work is 
thus necessarily involved, and this of courso entails 
expense. I t is much to bo wished that we had in our 
possession some less elaborate mode of carbon deter- 
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initiation. But we must remember tlmt the difficulties 
disappear when care and tinio aro taken ; those who 
have tried the process have soon got over them, and 
there is no lack of analysts who now practise the 
method. The analysts representing the London water 
companies determined in 1880 the organic carbon and 
nitrogen in daily samples of all the London waters, 
and they still continue to employ it. Tho inde¬ 
pendent monthly reports to the Registrar General 
also state organic carbon and nitrogen. This com¬ 
bustion method has also been employed with satis¬ 
factory results for the analysis of small quantities of' 
organic substances obtained in original research. On 
the whole, then, wo may take it for granted that a 
comparison of any given diluent with the proposed 
.standards can always be had, if desired. 

The standard suggested for organic nitrogen is "3, 
exactly ten times the amount of the standard proposed 
for potable waters in 187*1. Thus tho Act can hardly 
be said to bo of too severe a character as regards 
organic pollution. It might perhaps have been desired 
by some that “albuminoid ammonia” and “acid per- 
maiigaiiatc T ’standnrd.should have been proposed. Both 
these processes undoubtedly detect very bad waters, 
and might conceivably serve the purpose of an Act. 
in my opinion, however, the proposers have done well 
tosay nothing about them. These methods determine 
a fraction only of tho carbon or nitrogen, as the case 
may he ; it is certain that, in many cases, the value 
of this fraction can be increased by simply prolonging 
the action of tho re-agents, and it appears to vary 
with the season of the year. Results of this nature 
aro clearly less definito than those of combustion. 
The combustion process goes to the root of the matter 
at once : it gives us an entire and perfectly distinct 
result, with all desirable precision. 

(/i) Ao'iliti/. —The proposed standard is two parts 
per 1000 of real muriatic acid ; it was originally laid 
down in tho interests of fish life. As regards the 
susceptibility of fishes to chemical re-agents, the best 
work with which I am acquainted is the report (1808) 
of Penney and Adams, published in the Fourth Report 
of the Rivers- Pollution Commission. These experi¬ 
menters show that one part of muriatic acid in 10,000 
is fatal to fish, while of sulphuric or nitric,as little as 
one part m 50,000 will suflice. The standard is there¬ 
fore at least 100 times too great. 

(i) A/ln/inili/. —Tho proposed standard is one per 
1000 of caustic soda, but according to Penney and 
Adams, one of caustic potash in 35,000 is a fatal pro¬ 
portion. The limit for lime lias not been determined, 
nut is known to be very low. • Again, alkalinity is 
one of the most effective conditions for tho develop¬ 
ment of bacterial life, and could not fail to intensity 
the foul stuto of tho foreshores in many places. . In 
my opinion it is not necessary or expedient to permit 
any alkalinity, however slight. 

(/) Chlorine.— The clllucnt, after acidification with 
sulphuric acid, is not to contain more than one part 
per 100,000 of freo chlorine. Jly re-calculating tho 
results of Penney and Adams, I find that Ti per 
100,000 is a fatal proportion. Here again tho standard 
is not sufficiently restricted. 

Viewing tho Act generally, I cannot lmt think tlmt 
a cluuso is required disclaiming all permission of 
pollution up to tho limits of the standards. No one, 
for example, ought to ho allowed by law to foul a 
stream, already pure, by converting it into a '2 per 
cent, solution of hydrochloric acid. Ripnrian pro¬ 
prietors ought, in such eases, to Intvo their oxisiing 
rights resorved to them. Lot us also trust that all 
manufacturers may ho treated aiiko. 

As regards tho outlook for muiiufuclurcr.s, thorocaii 
bo little doubt tlmt in many cases it will bo necessary 
to erect subsidence and treatment tanks and filters, 


and in all cases to collect and store the rainfall. 
This will be required for dilution and Hushing. Land, 
therefore, will be in demand in the neighbourhood of 
country and suburban chemical works. Urban 
factories unable to purchase ground will liavo to 
exccntc works to perform the purification Vertically 
instead of liorizontically, but in many cases this plan 
will necessarily fail, discharge into the sewers must still 
be had recourse to, and the question will become one 
of sewnge purification. On the whole, I should 
strongly advise manufacturers to support tho early 
passage of this or a similar Act. As the popular 
Knowledge of this subject is constantly improving, wo 
may depend upon it that postponement will not bring 
easier terms. 

Summing up, then, these considerations, it appears 
to me (1) that an Act for the better prevention of tho 
pollution of rivers is urgently required ; (2) that the 
principle of standards is a good one, and ought to bo 
maintained ; (3) that the proposed standards arc of a 
very liberal character, and perfectly accessible to 
analysis ; but (-J) that the chlorine, acid, and alkali 
slandnrds arc not sulliciently stringent to preserve 
the life of fish. 

l)r. \V.\rx.vcB : I have examined the new “ Rivers 
Pollution Bill,” with some care, and am glad to hovo 
this opportunity of expressing an opinion as to its 
merits and demerits. While, upon tlio whole, it is a 
distinct improvement oil the Bill of 1870, it is imper¬ 
fect, and f believe unworkable in many particulars. 
It appears to have been drawn up by men who, how¬ 
ever eminent in scientific attainments, are only 
partially acquainted with the requirement!) and 
necessities of manufacturers. I have no doubt, how¬ 
ever, that before the Bill- is passed it will receive 
important modifications, such its would suggest them¬ 
selves to any chemist who has had extensive experience 
in the difficulties of dealing with manufacturing 
pollutions. 

At the outset I may refer to a very important part 
of the Bill of 187(! —that is, section 7— which requires 
“sanitary authorities to afford facilities for factories 
draining into sewers," to quote from tho rubric. It is 
proposed to repeal the Act of 1871!. There is nothing 
in the new Act correspondiiyg to the section to which 
I liavo referred, nml .1 consider it a very important 
omission. 1 know of a case which dragged its weary 
course along for many months, the decision on which 
turned entirely upon this section 7 of the 187(i Act; 
and I have no doubt tlmt there arc many similar cases. 
It is necessary, therefore, tlmt there should be some 
explanation regarding tlje omission of similar pro¬ 
visions in tho Bill now under consideration. 

Tlio Act of 1870, except in so far as the section 
referred to is concerned, is about the most colourless 
and useless piece of legislation tlmt can well be con¬ 
ceived ; for all tlio prohibitory ami preventive clauses 
aro. so explained away and hedged about with con¬ 
ditions that they aro practically inoperative. Wo 
cannot say this of tho proposed Bill of 1885, for tlio 
provisions aro in some respects very stringent, niul 
there is no escape from them. In one particular, how¬ 
ever, tlio framers of the Bill are indulgent to a fault. 
They propose to admit into a river, stream or'sciver 
any liquid possessing an acidity not exceeding two 
parts per thousand of real hydrochloric acid, or 1*10 
grains per gallon. Tlio admission into a river, stjll 
more into a sewer, of such a largo quantity of acid is, 
in my opinion, most objectionable, ami likely to lead 
to constant complaints. 1 would entirely prohibit 
tlio admission of acid of any kind to sewers or rivers; 
and I won hi have tho lc*s hesitation in doing so, 
because acid is easily neutralised by passing tlio refuse 
water ovor ii bod of clmlk or limestone,as is done in our 
own neighbourhood by .Messrs. Stevenson & Garble, 
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I propose now to refer to the standards of purity in 
the order in which they are printed in the Act. («.) 
stipulates that no liquid containing in suspension 
moro than ono part of dry organic matter, or three 
parts of dry mineral matter per 100,000, shall bo per¬ 
mitted to enter a stream. Theso quantities, being 
respectively "7 and 2'1 grains per gallon, are, in my 
opinion, too small, and should be, at least, doubled. 
The river Clyde, above Glasgow, contains, during 
heavy Hoods, as much as 11 grains per gallon of sus¬ 
pended matter, mostly finely divided clay or mud ; 
although in ordinary times the quantity is very small. 
Relow Glasgow, ranging from Govan to Dumbarton, 
it contains, during ordinary weather, from 1 to 2A 
grains per gallon of suspended matter, of which from 
I to is organic. No doubt the Clyde is a polluted 
river; but on many occasions the pollution in it and 
rivers generally, is caused, not by sewage or manu¬ 
facturing refuse, but by the detritus of cultivated 
land ; and is, therefore, entirely beyond the control 
alike of local authorities and manufacturers. On one 
occasion I had an opportunity of taking samples of 
the diluent from the sewage works at ISirmingham, 
and of the river Tame into which the purified sewage 
flows. The diluent contained -< J grain per gallon of 
suspended matter, while the river water had I I‘2 
grains, so that the sewage actually helped to purify 
the river. The same thing occurs at Bradford, when 
the sewage diluent, after filtration through breeze, is 
practically clear and colourless; while the water of 
tho Reck is as black as ink, and very muddy besides. 

I admit that the rivers to which I have referred are 
more or less polluted, and would be vastly improved 
by the rigid enforcement of such an Act as that under 
discussion ; but I fear that the high standard of 
purity aimed at is practically unattainable, or can 
only be attained by a pressure on our manufacturers, 
which will be very hard to bear, and which will 
inevitably lead to all sorts of evasions of a similar 
diaracter to those practised under the Alkali Works 
Act. There is no one more anxious than i am to see 
our rivers restored to their pristine purity ; but there 
is a possibility of pressing the manufacturers too hard, 
and driving the production into other countries, where 
such restrictions arc unknown. If the proposed 
standards, as regards matter in suspension, were 
doubled, there would be no practical dilliculty in com¬ 
plying with them. It is in this, as in many other 
things, the last straw which breaks the camel’s back. 

We now come to (!>.), relating to organic matter in 
solution. This it is proposed to limit to two parts 
per 100,000 of organic carbon, and '3 of organic nitro¬ 
gen. This I find, on calculation, to be sufficient for 
nil properly purified sewage; but in regard to manu¬ 
facturing refuse water it is a.standard compliance with 
which would entail very great hardships upon pro¬ 
prietors of works of various kinds. Here, for instance, 
is an example of wastewater from a paper mill drain- 
ingintoa beautiful river in the north-east of Scotland ; 
tho caustic liquor, of a dark brown colour, but not 
strong enough to pay the cost of evaporation, contains 
upwards of 2000 grains of organic matter per gallon, 
the spout bleach fif> grains, and the general drainage 
of the works, mostly washings, 00 grains, fn the case 
of another paper mill in our own vicinity, tho general 
discharge of tho, whole work contains 33-1 grains of 
organic matter per gallon. Now, tho standard in this 
Bill, two of organic carbon per 100 , 000 , is equal to 
only 3T»grains of organic matter per gallon ; and theso 
works could not possibly comply with it. Noamount 
of neutralising, settling, or filtration would reduce 
tho organic matter so as even to approach tho stand- ' 
ard ; and it seems to me that if the Bill woro to pass 
into law in its present condition, it would simply put 
a comploto stop to tho operations of every paper mill 


in the country. There might, indeed, be a door of 
escape for those who were so situated that they could 
turn into their works an enormous volume of clean 
water,.so that their discharge would be diluted ten or 
twenty fold ; but this Would be a mere evasion of the 
Act, and one which comparatively few manufacturers 
could take advantage of. Again, with regard to dyers, 
I had recently an opportunity of examining the final 
diluent of six dye-works, and in all eases the amount 
of organic matter in solution considerably, and in some 
cases greatly, exceeded the proposed standard.. Dis¬ 
tillers making raw grain whisky give a discharge 
which contains an enormous amount of dissolved 
organic matter : in one particular case, recently inves¬ 
tigated, it contained 810 grains of dissolved organic 
matter per gallon, and in another no less than 2-1(10 
grains. 1 admit that a considerable proportion of 
this consisted of albuminous compounds, dissolved 
in lactic acid, which, if neutralised by lime, as is done 
to a partial extent in some distilleries, would have 
been precipitated ; but even after this the discharge 
would have required an admixture of at least a 
hundred times its bulk of pure water to bring it down 
to the standard. I shall only refer to two or three 
instances recently brought under my observation : 
A tar distilling work gavea discharge containing fully 
•100 grains, per gallon of dissolved organic matter, a 
tannery 72 grams,'an oil-refining work -10 grains, a 
gut work fully (100 grains, n skin-dressing work 18(1 
grains, a soap work upwards of 2000 grains, a 
slaughter house 2(1 grains, in fact, tliero is scarcely 
a manufacturing operation in which animal or vege¬ 
table substances are treated, in which the Waste water 
docs not. contain an amount of dissolved organic 
matter largely in excess of the proposed standard ; 
and I trust the manufacturing interests of the country 
will not be hampered by such conditions ns would, in 
a great many cases, simply mean annihilation. 

The next standard (c.) refers to colour, and it is a 
very absurd one. It condemns “any liquid which 
shall exhibit by daylight a distinct colour, when a 
.stratum of it, one inch deep, is placed in a white 
porcelain or earthenware vessel.” This is far loo 
indefinite : what is a distinct colour to one person 
would not be held to bu so to another. 

(if.) “Any liquid which contains, in solution, in 
100,000 parts by weight, moro than two parts by 
weight of any metal except calcium, magnesium, 
potassium and sodium.” This 1 think is suiiieicntly 
liberal for all ordinary manufacturing operations, but 
iu regard to water pumped from mines containing 
shales highly impregnated with pyrites, and the 
drainage of biacs heaps of a similar character, tliero 
would bo some dilliculty. Theso waters frequently 
contain, besides much free sulphuric acid, lOOgr. per 
gallon, or more, of oxido of iron and alumina in tho 
form of sulphate, and tho treatment of tho water is 
both troublesome and expensive. At the same timo 
it is most desirable that theso refuse waters should 
be treated, and the oxido of iron ami alumina 
separated, before they are permitted to enter n stream. 

1 know one considerable river the water of which has 
been completely destroyed by mine and blacs-lieup 
waters. On mixing with a large body of river water 
containing a certain quantity of lime and magnesia 
ns carbonates, the acid is neutralised and a curdy 
precipitate of oxide of iron with a little alumina is 
formed. This gets into tho gills of lislics and is very 
destructive of life. The river I refer to was formerly 
celebrated for its trout, but I understand that lisli 
,1ms now entirely disappeared. 

(e.) Refers, to arsenic and (f.) to chlorine (sot freo 
bv the addition of acid), and I don’t sco any reasonable 
objection to them. 

(<j.) “Any liquid which Contains in 100,000 parts 
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by weight, more than one pnrt by weight of sulphur, 
in the condition cither of sulphuretted hydrogen or 
of a soluble sulplmrct.” The difficulty I see in this 
provision is in regard to the drainage of heaps of 
nlknli-wnsto, such ns exist at St. Rollox and in the 
Newcastle district, "Whines, and several other towns 
in England. There arc also in various places in the 
milling districts of England and Scotland enormous 
bings or heaps of blast-furnace sing, some of which, at 
least, contain enough sulphide of calcium to give a 
drainage water of a similar character to, although not 
so strong ns, that from alkali-waste. The quantity 
it is proposed by the Rill to permit is "7 of a gr. per 
gallon, but what do wo find in practice 1 Why in the 
drainage of the Piukstonc Ro" at St. Rollox there is 
over OOOgr. per gallon of sulphur existing as sulphide 
and liberated ns liydric sulphide in the addition of an 
acid, and in the general drainage of the heaps of 
alkali-waste there is more than 200gr. per gallon. 
Now, it is all very well for a scientific chemist to sit 
quietly in his laboratory and lay down the law to 
manufacturers—you shall not do" this or that; but 
what are the manufacturers tff do 1 Take the case of 
St. Rollox. I suppose it is no exaggeration to say 
that there are there something like 20 acres of ground 
covered by alkali-waste, and this will give an average 
daily drainage of, in round numbers, 50,000 gallons, 
a quantity the chemical treatment of which would be 
attended with considerable expense. More serious 
still is the question what to do with the drainage of 
the Pinkstone Rog, which derives its sulphur com¬ 
pounds from the same source which, although very 
strong in sulphur viewed as'refuse water, is by far too 
weak to enable it to bo treated chemically with any 
hope of recovering more than a mere fraction of the 
cost of working. These arc an example of practical 
diflieulties which should not be ignored in making 
out an Act of Parliament. 

[ have already spoken of the section relating to 
acidity, but (i.) relating to causticity demands a 
passing notice. It is proposed to allow in water 
flowing into a stream or river an alkalinity not 
greater “ than that produced by adding one part by 
weight (d dry caustic soda to 1O00 parts by weight of 
distilled water.” This is 70gr. per gallon, but whether 
it is intended by dry caustic soda to mean Na„0 or 
NallO I am not quite clear. In nny case the 
allowance, ns applied to the general drainage of a 
work, such as a paper mill, is sufficiently liberal, in 
fact rather too much so. Now the alkalinity may be 
caused by either potash, soda, or lime ; and although 
I am not prepared to say that the effect of the two 
first mentioned alkalies would bo very injurious fo 
fish life, except perhaps in the immediate vicinity of 
the outfall, l am certain that lime in this proportion, 
which would be, in fact, lime water of nearly' full 
strength, would bo most destructive. 'J'ho mere fact 
of the injurious notion of limo is well known to the 
riparian proprietors on all rivers stocked with salmon 
and trout, but I am not sure that the cause of tho 
destructiveness has been explained. My own explana¬ 
tion, which I offer with extreme diflidcnco, is that the 
lime, becoming enrboimted, forms a prccipitnto which 
gets into the gills of tho fish and impedes their 
natural action. A very moderate quantity of lime 
introduced into a small river has been known to kill 
thousands of fish. This cluuso, therefore, would 
require some emendation. 

The last clause (l\) applies to petroleum or 
hydrocarbon oil, tho quantity of which is limited to 
'05 per 100,000 parts, or 0.'t5 of a grain per gallon. 
This relates only to oil Hunting on tho surfneo or in 
.suspension, but a much greater evil in connection 
with discharges from purnflin oil works and tar and 
ammonia works is tho tar-acids existing in solution. 


It is true that these would be restricted by the clause 
relating to organic carbon in solution, but the amount 
allowed under that section would be infinitely more 
objectionable than the •035 per gallon in suspension. 
I know of cases where great difficulty has arisen from 
the presence of a small quantity of tar-acids in water. 

I am of opinion that there should be a clause 
obliging manufacturers to mix all their drainage 
waters together and allow them time to react upon 
one another and settle thoroughly, for which purpose 
at least two tanks, each callable of containing a day’s 
produce, would require to be provided, it is no 
uncommon thing to see two discharges from a factory, 
one acid and the other alkaline, and these passing 
into a stream at different places. A great amount of 
purification frequently results from the mixture of 
various cflluent waters, and there is often a consider¬ 
able precipitation, it is most important that the 
precipitation should take place in the works them¬ 
selves and not in the bed of tho river. 

The greatest diflicu Ity in carrying out the provisions 
of this or any other Act for the prevention of River 
Pollution will occur in the case of factories situated 
in largo towns where ground required for the orcction 
of tanks is very expensive, and in many cases 
unattainable at any cost. It may be said that those 
who have no such accommodation or cannot procure 
it should not bo allowed to continue their business. 
It is also a truism that no man should have a family 
who cannot provide for its wants, but as a mnttcr of 
fact such cases arc only too numerous. The industries 
upon which tho prosperity of the nation depends 
should, if possible, be led, not driven ; and at all 
events not improved oil' the face of the earth by 
restrictions with which, in very many cases, it is 
impossible to comply. 

In conclusion, I enter my protest against the 
principle of making a hard and fast rule applicable 
to all cases, no matter what the circumstances may 
be; and, especially demanding a higherdegreo of purity 
in an ellluont or discharge than exists in tho river 
into which it flows. 

Mr. E. C. C. Stanford said : Our Society is not 
an exclusive one. We are always ready to accept 
light and intelligence, whether they como from the 
outside or inside. I am very glad to sec present to¬ 
night several gentlemen who are eminently qualified 
to speak on this subject. Although tlioy do not 
belong to us at present, perhaps they will soon. I 
have much pleasure in seeing Professor James 
Thomson, Mr. Reas, and Councillor Smith. All these 
gentlemen will no doubt give us something worth 
carrying away. 

Mr. 1)i:as (Engineer to the Clyde Trust) said: I 
am very glad to learn, for the first time, that there is a 
prospect of some legislation on the purification of 
rivers. I think there is no river suffers more, in tho 
kingdom of Scotland at least, than the unfortunate 
Clyde. When I consider wo have to dredge about 
500,000 cubic yards of deposit every year, the bulk of 
which is from the dotritus of the streets, manu¬ 
facturing waste products, and from sowago deposit, 

1 hail with nleasuro any prospect of getting an 
alleviation of tho heavy burden that tho unfortunato 
Clyde jins to bear. There can be no doubt that tho 
River Clydo is a great deal more, impure than it onco 
was. You don’t see any salmon further up the river 
now thnn Dumbarton Castle, and no fish will Jive 
from Rowling up to Clasgow. I should hail the day 
personally when an Act such as you have been 
discussing to-night would bring back the fish to our 
rivers and enable us to see the salmon sporting at the 
Rroomielnw. I four, however, this is a prospect that 
wo havo little chance of sooing. 

Councillor .Smith said : I came hero to-night to 

c 
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learn, not to speak. I expected to hear something 
concerning this Rivers Pollution Bill, for certainly wc 
do need a Bill of some kind or another. There are, 
however, vast difficulties that present themselves to 
my mind, both from a chemical point of vie\v, as 
has been described to you to-niglit, and from an 
executive point of view, in putting any Bill into 
operation. Wo have a vast number of people who 
maintain that rivers arc the natural arteries, for the 
carrying away of the ilchris of pollution. AYe have 
the opinion of one of the most eminent agricultural 
chemists, given nt the last River Thames Commission 
who in his report maintained that the whole of the 
London sewage went to feed the fish in the North 
Sea. I refer to Sir .1. B. 3-awes, who wrote a letter, 
which the Times published in e.tienfo. I candidly 
confess that I felt puzzled in reading this letter, and 
could not see how any sewage could help the fish in 
the North Sea, about 40 or 00 miles away. This, 
however, is Sir J. B. Lawes 1 view, and it is hard to 
say anything in opposition to such a scientific agricul¬ 
tural chemist, and you will easily see that there is 
great difliculty in carrying any Bill that will not 
present to any man vast variety of action. It is all 
very well to say that so many parts of acid and so 
many parts of liipiid can he allowed to go into a river, 
but you will easily see that if half a dozen works have 
some pollution issuing from them the liver will get 
into n highly polluted condition, and yet they are all 
acting in accordance with the Bill. L have felt this a 
great difliculty, and if you permit pollution of this 
kind to flow into a river it ultimately becomes 
entirely polluted. I confess to you that the more I 
look at this question of pollution I feel the greater 
difliculty in knowing what to do with manufacturers, 
for as Ur. Wallace has shown you there are a great 
many who have no ground to operate on their water, 
and what are we to do with these men 1 Either the 
community must supply sewers to take this matter 
down to a purification place, or must permit them to 
use the public •sewers, and we nil know what a 
nuisance these arc to the inhabitants of the cities. 
The diflicultics of this question are certainly great 
indeed, and all that can he done is to grope steadily 
at it, and wo will ultimately come to some clearer 
idea of it than we lmve at present. 

Mr. Coleman said : I am scarcely prepared to oiler 
any observations, but 1 have a little experience in 
works which help me to say a few words. It appears 
quite clear to me that the standards of purity, which 
are proposed to bo universally applied, would be 
utterly impracticable to carry out. There is nothing 
in my opinion to prevent standards being established 
for different parts of the country, by grouping the 
local. authorities, appointed under the Bill, into 
districts. * I think the Bill requires very considerable 
modification, and probably if jt is so modified might 
become satisfactory. The scientific basis on which 
these standards are proposed-is, I think; not perfectly 
clear. For instance Professor Mills’opinion is that 
alkaline water is to be avoided, because it encourages 
bacterial life, but we have the opinion of Ur. Angus 
Smith tlmt putrefaction is the best possible thing to 
occur, because it gets rid of the organic matter. 
Moreover it may be a question whether the presence 
of organic matter may not he sometimes an nctual 
benefit to fish ns food ; so that to lay down any 
general rule or establish any general principle by ! 
which standards can be framed fur tho United 
Kingdom is, I think, utterly futile. 

Ur, Clauk : It appears to mo that the proposed 
Act is a considerable advance upon tho Act of 187 ( 1 . 
There can bo little doubt that the present Act is a 


* Chemical referees being: appointed for each district. 


dead letter ; and when wo look to the cause wo aro 
led. to the conclusion that this is due, in part, to tho 
definitions. Tims, the Bill “prohibits solid matter from 
being discharged into streams,” and when you come 
to the definitions yon find that “solid matter’’does 
not include matter in suspension, and that discoloura¬ 
tion is not to be regarded as pollution. Again, wo 
find also that, under tho present Act, the sanitary 
authorities of the Local Government Board are the 
only parties who can institute proceedings against 
offenders; and they arc expected to take into con¬ 
sideration whether there are good practical means of 
removing the pollution, and whether it would nileet 
the trade or miiunfacturc in question. Under these 
conditions, where there is so large a discretionary 
power, it is not surprising to find that the sanitary 
authorities aro not inclined to take any proceedings 
against offenders, however great. In the present Bill, 
I observe that sanitary authorities will have less dis¬ 
cretion allowed them, and that I consider a good 
feature. Another good feature is the introduction of 
standards. Without some standards of purity we aro 
not able to grapple with pollution. AVc must, in my 
opinion, have standards laid down to enable us to 
decidcwlial is pollut ion and what is not. The question, 
then, comes to be what particular standards aro to be 
adopted? AVitli most of the standards proposed I can 
find very little fault, 3 consider that rather too much 
acid and alkali is allowed; and i have no fault to find 
with the allowance of mutter in suspension. Tho only 
two noints to which 1 would take exception in tho 
standards, are (1) “the limit of two parts by weight 
of organic carbon in solution.” 3n some eases this is 
a considerable allowance; lmt in others, when tho 
organic matter is of a harmless nature, it would press 
very hard upon manufacturers. Perhaps the par¬ 
ticular standard of purity to which I tnko most 
exception is standard (c), which follows: “Any liquid 
which .shall exhibit by daylight a distinct colour when 
a stratum of it one inch deep is placed in a whito 
porcelain or earthenware vessel,” etc. Now if this 
was very strictly interpreted, there nre very ferv 
liquids which would pass this standard ; and we know 
that many of our waters, especially those of a 
mossy or peaty character,have a distinct colour when 
seen in a stratum of one inch deep. In order, there¬ 
fore, to make this a practical standard, it is necessary 
to compare the colour of the discharge with the colour 
of the particular water as it reaches tho manufacturer. 
It is only in that way tlmt you can ascertain whether 
a water is polluted ; and 1 think it only fair to allow 
the manufacturer some little increase upon tho 
amount of colour—to what extent I am not nblo to 
say—otherwise it would be practically impossible for 
him,—especially if he is the owner of a dye works, or 
some work where coloured materials are used—to 
discharge his water into the .stream again. In other 
respects I think the Act is, ns I have already stated, 
a step in the right direction. 

Mi'.Tati.ock said: 1 object to the Bill on two general 
grounds: first, beenuseit treats all manufacturers alike. 
It is quite plain to every one who has a knowledge of a 
variety of manufactures, tlmt while it would be quite 
easy, in some cases, to comply with the require¬ 
ments of the Bill, it would bo a matter of extreme 
difliculty, in fact it would bo practically impossible, 

; in many others to do so; and sufficient examples have 
| been given. Second : 1 object to the Bill because it 
treats nil rivors nlikq no matter what their character 
or situation may be. Jt is evident that, while a com¬ 
mercial river like tho Clyde, receiving so many dis¬ 
charges from ehemicnl works, is not expected to 
attain to any great degree of purity, as the result of 
legislation, it is most tlcsirnblu that rivers which nro 
still unpolluted should remain so. 1 hold, therefore, 
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